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PREFACE. 

The present edition has been thoroughly revised and partly 
rewritten in order to bring the subject fully up to date, since 
the changes in bridge design and construction during the past 
ten years have been nearly as remarkable as during the preced- 
ing decade. The continued increase of live loads has led de- 
signers to give more attention to the stiffness of structures as 
well as to a more careful construction of details. The use of 
concrete piers has made it practicable to replace many pin- 
connected truss spans by shorter plate girder or riveted truss 
spans. Riveted trusses have been adopted so extensively and 
for much longer spans than formerly that in another decade 
but few pin bridges will be built for railroad traffic on main 
lines, except for very long spans over navigable rivers. The 
increasing use of the cantilever method of erection tends to 
eliminate eye-bars and pin connections still further, so that in 
a number of long spans now under construction most of the 
joints are riveted. The proportion of bridges with solid floors 
is steadily advancing, due chiefly to the effective use of plain 
and reinforced concrete to support the roadway. 

Chapters IV, X, and XI (with the exception of Art. 126) 
and many articles have been entirely rewritten, and numerous 
changes were made in other parts of the text to bring it into 
accord with the latest practice. In Chapter IV the subject of 
erection is added, and in Chapter X the matter is all new, and 
largely represents recent developments in highway bridge con- • 
struction in the Middle West. Plates I, II, IV, and VII are 
new and represent the revised standards of the respective rail- 
roads. The references to engineering literature in Chapters I, 

■ ■ • 
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IV PREFACE. 

VI, and VIII are considerably extended and brought up to 
date, while similar references are introduced in Chapters X 
and XI. 

As stated in the preface to the first edition, the subject is 
presented " both rationally, as an application of the principles 
of mechanics, and practically, as an illustration of modern 
economic construction. Since probably more than ninety per 
cent of all bridges are those resting on two supports, this volume 
is confined to that class. For a beginner the study of bridge 
design should be largely that of proportioning details according 
to given specifications, and simple bridges furnish these in 
endless variety." 

Grateful acknowledgments are due for kind assistance: to 
Ralph Modjeski, H. E. Stevens, and A. W. Carpenter for 
permission to reproduce standard or general plans; to William 
McNab, F. H. Bainbridge, Joseph O. Osgood, Olaf Hoff, 
J. E. Greiner, p. B. Motley, and A. E. Deal for photo- 
graphs; to Engineering News and Engineering Record for 
permission to reprint illustrations ; to Warren B. Keim for the 
chapter on Fabrication and Erection; to F. O. Dufour for 
the chapter on Highway Bridges ; to E. A. Evans and P. W. 
Porter for data on the analysis of weight for riveted truss 
bridges ; and to many other railroad and bridge engineers for 
drawings which were examined to obtain the results given in 
Arts. 123, 124, 125, and 128. 

A comparison with the fourth edition shows that the number 
of pages has been increased by 48, and the number of cuts by 
36. In rewriting the volume, it has been the constant aim of 
the authors, not only to give the latest details of modern bridge 
practice, but also to set forth the reasons for such practice in 
a manner especially adapted to the needs of students and 
young engineers. 

December, 191 i. 
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CHAPTER I. 

HISTORY AND LITERATURE. 

Art. I. Evolution of Girder Bridges. 

All bridge structures may be divided into three classes, Beam 
Bridges, Suspension Bridges, and Arch Bridges. Beam bridges 
exert only vertical pressures upon the abutments or piers, sus- 
pension bridges exert a horizontal pull, and arch bridges exert a 
horizontal push in addition to the vertical pressures. Beam 
bridges include simple bridges, drawbridges, continuous bridges, 
and cantilever bridges. A simple bridge is one resting upon 
two supports ; and probably over ninety percent of all bridges 
are of this kind. Parts I, II, and III of this work are devoted 
entirely to simple bridges, while the other forms are discussed 
in Part IV. 

Simple bridges are of two classes, girder bridges and truss 
bridges. A truss bridge is one whose floor is supported by two 
or more frameworks, called trusses, each consisting of two 
chords, which are connected by bracing. A girder bridge, on 
the other hand, has its floor supported by solid or built-up 
beams. A wooden beam, a rolled I-beam, and a plate girder, 
formed by riveting angles and plates together, are examples of 
girders. Girder bridges are used for short spans, usually less 
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than lOO feet, while truss bridges are used for longer spans, 
and sometimes for spans as short as 50 feet. 

Probably the first bridge was merely a tree-trunk that had 
fallen over a brook ; later, several trees or logs placed side by 
side, and covered perhaps with brush and earth, formed a 
structure of greater convenience for the traffic of semi-civilized 
people. When the stream was too wide for a single span, a 
rude pier of piles or stones was built to support the ends of 
logs extending from it to the shore. Several piers of this kind 
were built for still wider streams, and thus arose the trestle 
structure, in which each span consisted of simple beams. The 
oldest wooden bridge on record, the famous *' Pons sublicius," 
built across the Tiber, at Rome, about 650 b.c., is believed to 
have been of this kind, as also was the bridge built by C^sar 
over the Rhine in 55 B.C. 

Little progress beyond the simple wooden beam was made 
until the early part of the nineteenth century, when cast-iron 
beams began to come into use. It was then soon recognized 
that the depth of the beam was a controlling factor in its 
strength, and that the greatest economy of material resulted by 
forming the cross-section so that the upper and lower parts 
should be thicker than the middle part. Thus arose the flanges 
and the web of a girder, the flanges carrying the greater part of 
the horizontal stress, while the web served mainly to hold the 
flanges together. Such cast-iron beams, with -L, U, and [ ] sec- 
tions, were used before 1840 for bridges on many English rail- 
roads, the longest span of a beam cast in one piece being 46 
feet. These bridges, however, proved unsatisfactory on account 
of the low tensile strength and unreliability of the metal. 

The first wrought-iron rolled beams were made in England 
about 1820 for railroad rails, and their use for other purposes 
slowly increased in both Europe and America, so that, by 1875, 



Art. I EVOLUTION of girder bridges. 3 

I-beams up to 15 inches in depth were obtainable Since 1890 
medium steel has rapidly replaced wrought iron, so that now all 
I-beams are rolled of this material, and sizes up to 24 inches in 
depth and 30 feet in length are readily found in the market. 
Many deck bridges of 30 feet span or less have been built with 
such beams, and they also are extensively used for the floors of 
buildings and bridges. 

About 1850 built-up plate girders, formed by riveting angles to 
a solid web plate, began to be used in Europe, and later were 



introduced into this country, where they are now extensively 
employed for spans ranging from 30 to lOO feet. Fig. i, from 
a photograph, shows the plate-girder bridge of 80 feet span, 
built in 1892 at Ithaca, N. Y., on the Delaware, Lackawanna and 
Western Railroad. The largest spans of plate-girdet bridges 
are from 120 to 140 feet in length, the depth of the girders 
being about 12 feet. They are stiffer than truss bridges, and 
the shorter spans have advantages in erection, as a girder may 
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be made entire in the shop and swung into place by a derrick, 
the only field-riveting required being that necessary to connect 
the girders by lateral bracing. 

A tubular bridge is a girder structure with its sides formed of 
plates and stiffeners, and its top of channels, angles, and plates, 
all being riveted together so as to form a closed tube. This 
type originated in England about 1840, and in 1850 Stephenson 
built the great Britannia bridge in Wales on this plan, the tube 
being 25^ feet high and 13I feet wide inside, and there being 
four spans, two of 230 feet and two of 460 feet. The Victoria 
bridge over the St. Lawrence River at Montreal, completed in 
1859, was of this type, but it was replaced in 1898 by a truss 
structure. These tubular bridges, though stiff, were unneces- 
sarily heavy, and accordingly very expensive, and the passage 
through them was like that through a tunnel. All experience 
indicates that the girder system of construction cannot be eco- 
nomically applied to bridges of long span. 

A lattice truss, or lattice girder, as it is sometimes called, 
consists of flanges formed like that of the plate girder, but with 
the solid web replaced by flat, diagonal bars. The Warren 
truss, with a double system of web bracing (Part I, Art. 65), 

originated in England 
about 1840, and it may 
be regarded as being an 
attempt to economize 
material by removing un- 
necessary parts of the web. This was a step in the right 
direction, as the web stresses were thereby more closely deter- 
minate than before. But, as will be seen in the following 
articles, greater precision regarding stresses and greater econ- 
omy in material have been attained by discarding the double 
set of diagonals, and using only a single system of bracing to 
connect the chords. 
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Art. 2. Truss Design prior to 1800. 

Bridge design prior to the year 1800, and indeed for many 
years after, was almost wholly empirical. Arch bridges of stone 
had been successfully built since the time of the Romans, and 
structures of timber were used for roofs and often for bridges, 
but the true idea of a bridge truss and of the functions of its 
members was not fully understood until near the middle of the 
nineteenth century. About 1830, owing to the introduction and 
development of railroads in both Europe and America, bridge 
construction assumed an importance never before known. In 
Europe the main line of evolution was based upon the metal 
girder, as described in the last Article. In America, however, 
the evolution was along the line of the truss, starting with 
timber and gradually developing into structures of iron and 
steel. A truss is a framework whose members are so arranged 
that they are subject only to longitudinal stresses of tension 
and compression. These members should be arranged in tri- 
angular figures so that no distortion of the structure can occur 
without bringing the proper stresses into action, and the applied 
loads should preferably be concentrated at the joints (Part I, 
Art. 18). The simple truss, supported at its two ends, is the 
one whose history is now to be considered. 

The king-post truss shown at a in Fig. 3 may be supposed 
to be the origin of all modern bridge trusses. Prior to 1800, 








Fig. 3. 



however, the principal line of development was that indicated 
by the diagrams b and c. On this plan many wooden bridges 
were erected during the seventeenth and eighteenth centuries. 
There were two chords, usually with a high camber, connected 
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by vertical timbers acting as ties to support the floor which 
was placed along the lower chord. From the top of each 
vertical an inclined brace was carried to the nearest abutment 
and the tops of the corresponding pairs connected by a strain- 
ing beam. True truss action as we now understand it scarcely 
existed, the main idea being to carry each load to the abut- 
ment by the shortest route. This was a simple plan, but it 
proved uneconomical on account of the long braces whose 
stresses increase both with their length and the angle of in- 
clination to the vertical. On this plan was built, in 1778, by 
Grubenmann, a timber bridge near Baden, which had the great 
span of 390 feet, and which exhibited much skill in carpentry. 

The secret of economical and efficient truss arrangement lies 
in the panel system, which may be regarded as having been 






Fig. 4. 

developed from the king-post truss in the manner shown in 
Fig. 4, where d is derived from a by the addition of a panel on 
each side, and e from d in like manner. This system was first 
used by Palladio, an Italian architect, about 1570, but it pro- 
duced little or no influence on methods of construction, until it 
was rediscovered and used in the United States near the close 
of the eighteenth century by Theodore Burr. The Burr truss 
may indeed be called the parent of nearly all the forms of 
bridge trusses now used in this country. Although so defective 
from the lack of counterbraces that it generally required the 
assistance of an arch to stiffen it under rolling loads, yet as it 
contained the sound principle of economy in a constant angle 
for the inclined members its panel system was transmitted to 
the Long truss, the Howe truss, and later to many other forms 
(Part I, Art. 63). 
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Concerning early timber bridges, as also for other valuable 
historical and descriptive matter, the student should consult 
Cooper's American Railroad Bridges, 1890, the article Bridge 
in the Encyclopaedia Britannica, and the article Bridges in 
Johnson's Universal Cyclopaedia, 1897. 

Art. 3. Progress from 1800 to 1850. 

Near the beginning of the nineteenth century many wooden 
bridges were erected in the eastern and middle states by 
Theodore Burr and by Timothy Palmer, both of whom used 
the panel system. Palmer's bridges generally combined the 
action of the truss and the arch in one structure, the lower 
chord being highly cambered, while Burr used the arch merely 
as auxiliary to the truss. The oldest truss bridge in the United 
States until 1909 was that built by Burr at Waterford, N. Y., 
in 1804, which was of hewn yellow pine, having four spans of 
154, 161, 176, and 180 feet in the clear. Illustrations of this 
bridge and of one built by Palmer at Easton, Pa., in 1805 are 
given in Cooper's American Railroad Bridges. Wernwag's 
great bridge of 340 feet span, built at Philadelphia in 18 12, also 
deserves notice as a splendid example of early engineering 
work ; the double diagonal bracing in its panels showing that 
probably its builder had considered the distorting action of roll- 
ing loads. 

The lattice truss introduced by Town about 1820 consisted 
of planks pinned together, and was important only on account 
of ease of construction. In 1830, however, a radical advance 
was made in the true principles of truss arrangement through 
the introduction of panel counterbraces by S. H. Long. In 
a pamphlet published by him in 1836 the function of counter- 
braces in preventing the distortion of the panels under rolling 
loads, and also their use in stiffening the truss when keyed up 
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SO as to be under initial stress, is clearly recognized. Wooden 
Long trusses were erected on the Baltimore and Ohio Railroad 

as well as many for highway service. 

In 1840 WiLLJAM Howe patented a combination truss having 
wooden chords and web diagonals and wrought-iron vertical 
ties, which has since been extensively used. Each panel had 
counter as well as main struts, both butting against cast-iron 
angle blocks. Many important bridges were built on .this plan 
prior to 1850, the most notable being that over the Susquehanna 



at Havre de Grace, Md., which had twelve spans of 250 feet 
each and a draw span of shorter length. The Howe truss is 
still in common use in localities where timber is cheap, and for 
short spans and light traffic it often makes an efficient and eco- 
nomical bridge. Fig. 5 shows a Howe truss bridge of several 
spans over the Stanislaus River, near Riverbank, Cal,, and on 
the Atchison, Topeka, and Santa Fe Railway. 

In 1844 the Pratt truss was introduced. In this a radical 
departure was made in the arrangement of the web members, 
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the timber verticals being made to take compression, and the 
iron diagonals to take tension. This was a move in the direc- 
tion of economy, since the length of the struts was decreased 
and thus the necessary cross-section somewhat diminished. 
Although at first built as a combination bridge, it never 
attained great popularity in this form, but soon after 1850 it 
began to be constructed entirely in iron, and in this form it 
has probably been more extensively used than any other form 
of truss. Fig. 6 shows a Pratt truss bridge of two spans, 
each 1 72 J feet long, erected in 1901. 

Few iron structures were built in the United States prior to 
1850, the first one being a span of TJ feet erected in 1840 over 
the Erie Canal, which was formed of cast-iron girders strength- 
ened by wrought-iron rods. About the same time Whipple 
built a truss with a curved upper chord of cast iron and a 
straight lower chord of wrought iron, forming the bowstring 
truss. A Howe truss in iron was introduced in 1844, and the 
Rider iron truss with a multiple web system was first built 
about 1847, but neither came into general use, and some that 
were built failed. 

The first rational discussion of the determination of stresses 
and proportioning of cross-sections of truss members was pub- 
lished in 1847 at Utica, N. Y., by Squire Whipple under the 
title A Work on Bridge Building, in which are given methods 
of computing stresses due to dead and live loads, investigations 
as to the angle of economy for web bracing, with plans and 
details of the bowstring truss and of the double system Pratt 
truss, since known as the Whipple truss. Whipple was far in 
advance of his time in rational views of economic truss design, 
but the circulation of his book was small, so that its influence 
was not fully exerted until several years after publication. He 
also built over twenty bridges oh his plans which gave good 
service for many years. Squire Whipple is justly regarded 
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as the father of American rational bridge design. Drawings of 
bridges built between 1840 and 1850 may be seen in Duggan*s 
Stone, Iron, and Wood Bridges of United States Railroads, 
1850; and also in Haupt's General Theory of Bridge Con- 
struction, 185 1. 



Art. 4. Truss Evolution since 1850. 

The modern bridge truss is the result of an evolution or devel- 
opment in the sense that it exhibits those features which expe- 
rience has found to be most economical and stable. Forms 
costly or unsafe have disappeared, while those cheap and 
strong have remained in use. Thus, the panel system has sur- 
vived, while the method of transferring loads directly to the 
abutments by long braces, as seen in Fig. 3, has gone out of 
use. The Bollman truss, introduced soon after 1850, was an 
instance of the application of that erroneous principle, but it 
could not be built for spans greater than 160 feet, and even for 
shorter spans it was unable to compete in economy and stability 
with trusses of the panel system. The Fink truss (Part I, Art. 
64) is another example of the use of that principle, and it too 
has disappeared. 

The Whipple truss (Fig. 7) is an instructive instance of a 
form which was extensively used from 1850 to 1885, ^ven for 
the longest spans, but which now is no longer built. This has 
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all the advantages of the Pratt type as regards the use of ver- 
tical compression members in the web, and also by the double 
system of webbing the panel points are brought nearer together, 
thus decreasing the length of the stringers, which for long 
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spans is a matter of importance. Stringers longer than 25 feet 
make an expensive fioor ; and this limits the economic depth of 
the Pratt truss to about 30 feet, and the span to about 300 feet, 
since it is not advisable to make the depth less than one tenth 
of the span. With the Whipple truss, however, using the same 
angle for the bracing, the depth of the truss can be doubled, 
and the span thus be economically increased. Many long 
bridges have been erected on this plan, among which may be 
mentioned the 5 1 5-feet span of the Ohio River bridge at Cincin-. 
nati, completed in 1877, and which at that date was the longest 
truss span ever erected. The Whipple truss began to go out of 
use merely because it was found to be more economical to sup- 
port the floor beams by short sub-verticals attached to a single 
system of bracing than by the use of a double system, and 
because the single system is always more reliable and deter- 
minate in respect to stresses. The Post truss (Part I, Art. 66) 
is another example of a form once popular and now no longer 
in use. 

The Warren or triangular truss was built with both single 
and double systems of webbing, but with a single system it 
afforded opportunity for the support of intermediate floor beams 
in a panel by the use of independent vertical members. In 1869 
the channel span of 396 feet over the Ohio at Louisville was 
built on this plan, and in 1885 the 522-feet span at Henderson. 
This plan has been found advantageous because simplicity of 
truss action is secured, the only apparent disadvantage being 
the use of long inclined compression members in the webbing ; 
in accordance with the law of evolution the former of these 
tends to be perpetuated and the latter to disappear. 

At the present time the Pratt truss is most generally used for 
short spans. The Baltimore truss (Fig. 8) is used for both short 
and long spans ; it possesses all the advantages of the Pratt, and 
in addition that of supporting intermediate floor beams by the use 
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of sub- verticals. The modified bowstring truss, shown in Fig. 9, 
uses the same idea, and here is gained the important advan- 
tage that the stresses in the chords are rendered closely uni- 
form, as also those in the webbing. These elements combined 




have rendered this form applicable to the longest simple trusses, 
the longest of all being in the great spans of 668 feet in the 
Municipal bridge (popularly called the Free bridge) over the 
Mississippi river at St. Louis, completed in 191 1. Fig. 10 
shows one span, 533 feet long, of the Delaware river bridge of 
the Pennsylvania Railroad, built in 1896. 

To recapitulate, the principles which should control the ar- 
rangement of a simple truss are the following: first, the panel 
system whereby the inclined members in the webbing are kept 



at approximately the same angle ; second, the use of counter- 
braces to prevent distortion under a roiling load ; third, that 
compression members should be made as short as possible ; 
fourth, that a single system of webbing is always preferable. 
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and that intermediate floor beams may be supported when neces- 
sary by the use of independent verticals; and fifth, that the 
form of the truss should be such that the stresses in members 
of the same kind may be approximately equal. 

In addition to the references at the close of Arts. 2 and 3 
the following may be noted as treating of the development of 
trusses: Bridge Superstructure, a committee report in Trans- 
actions of American Society of Civil Engineers, 1878, Vol. 
7> PP- 339-368; an Address by Joseph M. Wilson in Pro- 
ceedings of the Engineers' Club of Philadelphia for 1889, Vol. 
7, pp. 65-104; The Evolution of the Modern Bridge by 
Charles D. Jameson in Popular Science Monthly, Feb. 1890, 
pp. 461-481 ; and the Evolution of Bridge Trusses by Mans- 
field Merriman in Railway Age for May 19, 1893, Vol. 
18, pp. 381-393. 

Art. 5. Materials used in Bridges. 

Prior to 1840 wood was the material used in this country for 
bridge construction. Great skill in carpentry was developed to 
devise the joints, mortises, keys, anc^ other connections, although 
little was known regarding the strength of the timber or the 
rational principles of designing the proportions of the parts. 
The Howe truss combined the use of wood and iron in a most 
simple and successful manner, wrought-iron adjustable tie rods 
being used for the vertical members of the web, while the wooden 
diagonals butted against cast-iron angle blocks. In the original 
Pratt truss, cast-iron joint connections were also employed, 
through which the wrought-iron diagonal ties passed. The first 
bridges wholly in iron had the compression members of cast iron 
and the tension members of wrought iron, this beinf , as Whipple 
advocated, the best theoretic combination, since cait iron is high 
in compressive and low in tensile strength. Wrought iron, more- 
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over, was high in price, and could then scarcely be obtained 
except in the form of simple rods. 

Bridges of cast and wrought iron were built extensively until 
about 1876, and many of short span since that year; but the 
numerous failures of the cast-iron parts led to the gradual substi- 
tution of wrought iron. Probably the first bridge in which both 
compression and tension members were made of wrought iron 
was that erected on the Lehigh Valley Railroad at Mauch 
Chunk in 1863, but in this cast-iron joint connections were used. 
Gradually but surely wrought iron displaced cast iron, both for 
truss members and for joint details, so that by 1875 cast iron 
was regarded as a material wholly inappropriate for use in 
bridge structures for railroad purposes, and the period of 
wrought-iron bridge development was at its height. But about 
this time steel began to be introduced. 

The first extensive application of steel was in 1873 in the 
arches of the great St. Louis bridge, and later it was used in 
the trusses of the Brooklyn suspension bridge. In ordinary 
trusses it was at first employed in the form of eye-bars for ten- 
sion members, and then for the webs of floor beams. But im- 
provements in the methods of manufacture soon followed, so 
that by 1890 angles, beams, channels, and other shapes of 
medium or mild steel were easily obtainable in the market at 
the same price as those of wrought iron. This structural steel 
closely resembles wrought iron, but its strength is about ten 
or fifteen percent higher, and hence in 1900 it had entirely 
replaced wrought iron in bridge construction. 

The average life of iron or steel railroad bridges is probably 
not far from twenty years, although under heavy traflBc many 
are replaced after fewer years of service. They are liable to 
corrode from atmospheric influences and from the gases from 
the locomotives, while rivets and other connections are worn 
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and loosened under the frequently repeated stresses and shocks. 
Bridges built twenty years ago are now generally unable to 
carry the heavier rolling stock with a proper margin of security. 
Hence a metallic structure cannot compete with stone with 
respect to durability, and accordingly many roads are replacing 
short spans by arches of stone. The cheapness of iron and 
steel, however, generally renders metallic structures more eco- 
nomical in spite of their shorter life, and of course for long 
spans no other materials are available. 

Some interesting notes by Squire Whipple on early iron 
bridges will be found in Railroad Gazette, April 19, 1889. 
A historical paper on steel manufacture in America by W. F. 
DuRFEE is given in Popular Science Monthly, Oct. 1891, 
pp. 729-749. See also Cooper's American Railroad Bridges, 
originally published in Transactions American Society of Civil 
Engineers for 1889, Vol. 21, pp. 1-28. 

Art. 6. Joint Connections. 

The members of the early wooden bridges, such as the Burr 
truss and the Long truss, were connected together by means of 
joints devised especially for timber structures. The fish and 
scarf joints employed in the chords are still used in the Howe 
truss and in other wooden constructions, but most of the 
special devices of shoulders, mortises, and keys now exist only 
in a few isolated examples. 

The combination trusses which next followed, like the Howe 
and Pratt, employed the method of screw connections to join 
the webbing to the chords. In the Howe truss the several 
pieces of the chords were bolted together laterally, and con- 
nected longitudinally by fish joints so as to form one continuous 
member, but the web struts butted against angle blocks and 
were held in place by screwing up the vertical iron tie rods. 
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The Pratt truss in its early forms had wooden chords upon 
which was placed at each panel point a cast-iron joint block, 
and through this passed the diagonal iron ties which terminated 
in screws and nuts by which the whole was held in place. This 
method was also extensively used in the Pratt trusses built of 
cast and wrought iron, and many special forms of screw con- 
nections were devised and employed. In general, however, 
most of these screw joints have gone out of use, on account of 
the greater cheapness and reliability of the methods of riveted 
and pin connections. 

The riveted system of connections is the prevailing method 
of construction in Europe, but in this country it is mostly lim- 
ited to plate girders and to lattice trusses less than 200 feet in 
span. In this system the chords are formed of angles, or chan- 
nels, and plates, riveted together, with splice joints so as to 
make them practically continuous from end to end; and the 
web members are connected to the chords by rivets, either 
directly or by means of special plates riveted to both. The first 
riveted bridges in this country were erected on the New York 
Central Railroad about i860, and the system has proved very 
serviceable there and elsewhere. 

The pin system of connections is the one which has been 
most used and which has generally been regarded with the 
most favor by American engineers. At each panel point a pin, 
or round bar, passes through holes in the chord or web mem- 
bers and serves to transfer the longitudinal stresses from one 
member to another by means of the shearing and bending 
stresses generated in it. Some of the early bridges built by 
Whipple had pins which passed through looped eyes in the 
tension members, but the first bridge which was pin-connected 
throughout was erected by J. W. Murphy in 1859 on the 
Lehigh Valley Raihroad at Phillipsburg, N. J. Wide forged 
eye-bars in connection with pins were first used in 1861 by 
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J. H. LiNViLLE on the Pennsylvania Railroad. The system 
then rapidly spread on account of ease of erection, and thou- 
sands of pin-connected bridges are now in service. 

Much might be said in comparison of the riveted and pin 
systems. Advocates of the former claim that it makes a stiff er 
structure and one less liable to accident from the failure of a 
single member. Advocates of the latter say that the stresses 
in the pin system are more determinate and that better work- 
manship is secured. But under present conditions the question 
of economy seems the controlling factor. A long span cannot 
be built as cheaply by the riveted system as by the other, and a 
short or medium span can sometimes be built more cheaply. 
Under proper specifications a good bridge can be designed and 
erected on either plan, and the item of cost will usually deter- 
mine the decision. The riveted system generally requires a 
little more material than the pin system, and the latter requires 
more skilled workmanship. High prices for iron and labor 
were favorable to the development of the pin system, and as 
these become lower the riveted system comes more and more 
into use. The literature noted in the preceding articles contains 
much information regarding the various methods of joint con- 
nections. Further reference is made to the works named in 
the following pages, and also to a series of articles on Expired 
Bridge Patents by F. B. Brock, in Engineering News during 
1882 and 1883. 

Art. 7. Literature of Bridge Design. 

The computation of stresses in the principal members of a 
bridge truss is the least part of the work of design, and hence 
books treating mainly on stresses are not noted in the follow- 
ing list. Bridge design includes of course the economic prin- 
ciples regarding the form of the truss, some of which have been 
mentioned in Art. 4, but more specifically it is the science of 
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details, that is, the proportioning of the members, the floor, the 
joints, and of all the splices, reenforcing plates, rivets, pins, and 
other parts which make up the structure. The list of books 
below includes such as treat wholly or in part of these topics, 
together with a few of historical and descriptive character. 
Although not complete, it is beUeved that it gives the works on 
Bridge Design most important for a college library and for the 
use of American students of bridge design. The list is arranged 
chronologically according to the date of the first editions. 

Pope, T. A Treatise on Bridge Architecture. New York, 
1 8 II. This contains 196 pages of descriptions of early bridges, 
while the remainder is devoted to the author's " patent flying 
pendant lever bridge." 

Whipple, S. A Work on Bridge Building. Utica, N. Y., 
1847, pp. 120 and 10 plates. The edition of 1869 contains 
also 128 pages of notes (printed by the author's own hands) 
explanatory of the original work. See Art. 2. 

DuGGAN, G. Stone, Iron, and Wood Bridges of United 
States Railroads. New York, 1850. Consists mostly of draw- 
ings, with brief descriptive notes. 

Haupt, H. General Theory of Bridge Construction. New 
York, 185 1, pp. 268 with 16 plates, giving examples of railroad 
bridges. 

VosE, G. L. Handbook of Railroad Construction. Boston, 
1857, pp. 480. Contains 109 pages on wood, iron, and stone 
bridges. 

HuMBER, W. Cast and Wrought Iron Bridge Construction. 
London, 1864, two volumes, with 80 plates, mostly descriptive 
of English bridges. 

■ 

Heinzerling, F. Die Briicken in Eisen. Leipzig, 1870, 
pp. 515. A historical and descriptive work on bridge develop- 
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ment in all countries. Also Die Briicken der Gegenwart. 
Leipzig, 1884, pp. 754 with 60 plates. 

Merrill, W. E. Iron Truss Bridges for Railroads. New 
York, 1870, pp. 130. A comparison of seven kinds of trusses 
with respect to theoretic economy. 

BoLLER, A. P. Construction of Iron Highway Bridges. 
New York, 1876, pp. 144. Although written for the use of 
town committees, this book has been of much value to young 
engineering students. 

Du Bois, A. J. Strains in Framed Structures. New York, 
1883, pp. 390 with 27 plates. This devotes 124 pages to 
design, and gives the complete design of a pin-connected bridge. 
The edition of 1896 has 209 pages on design and erection. 

Waddell, J. A. L. Designing of Ordinary Iron Highway 
Bridges. New York, 1884, pp. 244 and 7 plates. A book 
which has done much to improve the design of highway 
structures. 

Bender, C. Principles of Economy in the Design of Me- 
tallic Bridges. New York, 1885, pp. 195 with 9 plates. This 
does not treat of details, but gives critical theoretic comparisons 
of different forms of trusses. 

RiCKER, N. C. Construction of Trussed Roofs. New York, 
1885, pp. 158. Mainly deals with stresses, but has two chap- 
ters on dimensions and details. 

Burr, W. H. Stresses in Bridge and Roof Trusses. New 
York, 1886, pp. 454 with 12 plates. Devotes 112 pages to 
details and to the design of a railway bridge. 

Schaffer, T., and Sonne, E. Der Briickenbau (Vol. II of 
Handbuch der Ingenieur Wissenschaften). Leipzig, 1886-90, 
pp. 181 2 with yy plates. 

HiROi, I. Plate Girder Construction. New York, 1888, pp. 
94. Gives the design and estimate for a span of 50 feet 
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MoRANDi&RE, R. Traits de la Construction des Fonts et Via- 
dues. Paris, 1888, pp. 1891, with 332 large plates. 

Cooper, T. American Railroad Bridges. New York, 1890, 
pp. 58 with 27 plates. A historical and descriptive work of 
special value. 

Foster, W. C. Treatise on Wooden Trestle Bridges. New 
York, 1 891, pp. 160 with 38 plates. Gives many standard 
plans, accompanied by their bills of material. 

Johnson, Bryan and Turneaure. Modern Framed Struc- 
tures. New York, 1893, PP- 5^7 with 37 plates. This gives 
238 pages on details, with designs of several bridge structures. 

Warren, W. H. Engineering Construction in Iron, Steel, 
and Timber. New York, 1894, pp. 372 with 13 plates. De- 
votes 92 pages to the details and designs of simple span bridges, 
besides the designs of several other classes of bridges. 

Wright and Wing. A Manual of Bridge Drafting. Stan- 
ford University, 1896, pp. 214 with 51 plates and 5 blue prints. 
Gives tables of shears and moments for girders, and details for 
different types of bridges. 

Wright, C. H. The Designing of Draw Spans. New York, 
1897, pp. 93. This work relates mainly to the design of draw-* 
bridge machinery. The 1898 edition has 320 pages. 

Berg, W. G. American Railway Bridges and Buildings. 
Chicago, 1898, pp. 705. Gives many illustrations of details of 
timber structures, and other information compiled from reports 
of railroad superintendents. 

Waddell, J. A. L. De Pontibus : A Pocket-Book for Bridge 
Engineers. New York, 1898, pp. 403. Gives general specifica- 
tions, and many tables and diagrams to facilitate computations. 

Howe, M. A. The Design of Simple Roof Trusses in Wood 
and Steel. New York, 1902, pp. 137 with 3 plates. Devotes 
about 50 pages to the design of roof trusses. 
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Ketchum, M. S. The Design of Steel Mill Buildings and 
the Calculation of Stresses in Framed Structures. New York, 
1903, pp. 494. Devotes 84 pages to the details and design of 
the framework of mill buildings and some miscellaneous struc- 
tures, and 22 pages to specifications. 

Skinner, F. W. Types and Details of Bridge Construction. 
Part I. Arch Spans. New York, 1904, pp. 301. On the details 
of metal arch bridges. Part II. Plate Girders. 1906, pp. 424. 
Relates chiefly to the details of plate-girder bridges. Part III. 
Specifications and Standards for Short Railroad Spans. 1908, 
pp. 307. About 200 pages are devoted to standard designs and 
details. 

Thomson, W. C. Bridge and Structural Design. New York, 
1905, pp. 93. Gives 46 pages to the stresses and design of 
bridge girders and trusses, and 17 pages to roof trusses. 

Ketchum, M. S. The Design of Highway Bridges and the 
Calculation of Stresses in Bridge Trusses. New York, 1908, 
pp. 565. Devotes about 190 pages to the design and details of 
steel bridge superstructures and about 80 pages to those of sub- 
structures and of masonry arches and culverts. 

Thomson, W. C. The Design of Typical Steel Railway 
Bridges. New York, 1908, pp. 185 with 5 plates. About 100 
pages are given to the design of several bridges. 

Jacoby, H. S. Structural Details or Elements of Design in 
Timber Framing. New York, 1909, pp. 377 with 2 plates. On 
the details and design of timber structures including roo£ trusses 
and some details of wooden bridges. 

Morris, C. T. The Designing and Detailing of Simple Steel 
Structures. Columbus, 1909, pp. 209. About 170 pages are on 
the design and details of bridges, and 16 pages on roof trusses. 

Hudson, C. W. Notes on Plate-girder Design. New York, 
191 1, pp. 82 with 2 plates. Devoted almost exclusively to design. 
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Spofford, C. M. The Theory of Structures. New York, 
191 1, pp. 373. Gives 102 pages to the design of beams, plate 
girders, and bridge trusses. 

A number of monographs on large bridges have also been 
issued in book form, which are of special value to advanced stu- 
dents and engineers. Among these are The Quincy Bridge, by 
T. C. Clarke, 1869; The Kansas City Bridge, by O. Chanute, 
1870; A History of the St. Louis Bridge, by C. M. Woodward, 
1881 ; The Washington Bridge, by W. R. Hutton,.i889; The 
New Omaha Bridge, The Cairo Bridge, The Bellefontaine 
Bridge, The Memphis Bridge, and Others, by G. S. Morison, 
1889-94; The Thames River Bridge, by A. P. Boller, 1891 ; 
The Thebes Bridge, by Alfred Noble and Ralph Modjeski, 
1907; The Cambridge Bridge Commission Report, 1909; and 
The Vancouver-Portland Bridges, by Ralph Modjeski, 1910. 

The Transactions of the American Society of Civil Engineers 
contain many papers both descriptive and critical. Of the latter 
class may be noted * Specifications for the Strength of Iron 
Bridges,' by Joseph M. Wilson, in 1886, vol. 15, pp. 410-490; 
' Some Disputed Points in Railway Bridge Designing,' by J. A. 
L. Waddell, in 1892, vol. 26, pp. 77-282; and 'The Laun- 
hardt Formula and Railroad Bridge Specifications,* by H. B. 
Seaman, in 1899, vol. 41, pp. 140-268. Similar papers may be 
found in the transactions of various local engineering societies. 

The Proceedings of the American Railway Engineering 
Association contain many valuable reports relating to specifica- 
tions, details, and design for steel and wooden bridges. These 
include the annual reports of the standing committees on 
Wooden Bridges and Trestles and on Iron and Steel Struc- 
tures, and the subsequent discussions. 

The volumes of Engineering News, Railway Age Gazette, 
Engineering Record, and other technical periodicals contain 
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numerous articles, both theoretical and descriptive, on bridge 
design, and some of these will be mentioned in the following 
chapters. The Index of Engineering Literature, published by 
the Association of Engineering Societies, in 1892, and by the 
Engineering Magazine, in 1896, 1902, etc., gives many pages 
of titles of such articles, with brief notes of their contents ; and 
this should be at the hand of every student who desires to be- 
come well informed on the progress of bridge development. 
But it cannot be too strongly urged upon the student to form 
the habit of making his own catalogue of articles, and of giving 
under each title his own synopsis of its contents and conclusions. 
By so doing he acquires a training in technical literary work 
which will be of the greatest value in promoting his professional 
advancement. 



Art. 8. data of the design. 23 



CHAPTER 11. 

PRINCIPLES OF ECONOMIC DESIGN, 

Art. 8. Data of the Design. 

In order that the most economic design may be made for a 
bridge it is necessary that complete data regarding its location 
should be known. An accurate map of the locality, showing 
the neighboring roads or streets, should be prepared, as also a 
profile of the crossing, giving the high and low water marks of 
the stream and the character of the earth or rock below its bed. 
This profile should be extended some distance from each bank 
of the stream in order to enable the approaches of the bridges 
to be properly arranged. The location of the bridge and of 
its abutments and piers are to be shown on the map, while the 
grade line of the bridge and its approaches are given on the 
profile. If there are more spans than one, the position of 
the piers is determined by making approximate estimates of 
their cost in different positions and then applying the principles 
of Art. 9. 

In locating the abutments and piers it is always advisable to 
avoid a skew, as thereby the cost of the superstructure will be 
increased. When this cannot be done, as in the case of one 
street crossing another obliquely or in the case of a stream with 
rapid current, the angle of skew should be made as small as 
possible and the same in amount at each end of a span. In 
locating the grade line of the floor of the bridge the clear 
waterway desired is to be considered, as also the grades of the 
approaches; these will also determine whether the bridge is 
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to be a through or a deck structure or whether certain spans 
should be through and others deck. 

Facts regarding the regimen of the stream, such as its 
velocity at both low and high water, its liability to freshets 
at different seasons of the year, and the amount of drift carried 
during freshets, are useful to a bridge company in estimating 
the cost of erection. The distance from the bridge site to 
the nearest railroad siding should also be stated in order that 
estimates of the cost of cartage may be made. The loads to be 
carried by the bridge, the lateral clearance required between 
trusses, and the vertical clearance needed for through bridges 
must be carefully specified. The kind of floor desired, the 
width and number of sidewalks, if any, should be stated. With 
these facts on hand the engineer is ready to prepare a general 
plan for both substructure and superstructure and to write 
specifications from which the detailed designs may be prepared. 
Time spent in gathering data is always usefully employed, for 
experience has shown that most of the mistakes and losses that 
have occurred in bridge construction have been due tr imper- 
fect knowledge of the local conditions. 

Art. 9. Number of Piers and Spans. 

When a bridge is to be built across a river, one of the first 
considerations is that regarding the number of spans. This 
question is to be decided by the principle that the total cost of 
the substructure and superstructure shall be a minimum. In 
iiny event there will be two land abutments ; and if the distance 
between these be short, no intermediate piers are advisable. Yet 
it is seen even here that if piers could be erected without any 
expense, it would be best to use them. Thus the relative cost of 
piers and their connecting spans determines the number of piers 
and spans which can be most economically built between the two 
abutments. 
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An old rule for this case states that the cost of the super- 
structure must equal the cost of the substructure in order that 
the cost of the whole may be a minimum. The cost of piers is 
to be determined by careful surveys and estimates for various 
locations along the line, while the cost of spans of different 
length may be approximately ascertained by consulting builders. 
A comparison of the different possible arrangements deter- 
mines the most economic plan which sometimes agrees well 
with this rule. 

The cost of common bridges is closely proportional to then: 
weights. If / be the length of span, the formula Wssia/+ bl^ 
gives a good approximation to the weight (Part I, Art. 20), a and 
b being constants for the same type of truss. In this, al repre- 
sents the weight of the track and floor system, while bl^ repre- 
sents the weight of the main trusses and lateral bracing. For 
example, the total weight of steel in pounds in a single-track rail- 
road riveted bridge (not including cross-ties and rails) varies 
from 700 / + 7 /^ to 1000 /-f 10 1\ where / represents the span of 
the bridge in feet 

If the cost of piers is about equal, and they be spaced at equal 
distances apart, the following investigation will give the economic 
number of spans. Let L be the total distance between end abut- 
ments, X the number of spans, and hence ;r — i the number of 
piers, m the cost of the two abutments, n the cost of each pier, 
and p the cost per pound of the bridge superstructure. The 

weight of the x spans, each of length — , is then x I tf— -I- ^—g 1, and 
the total cost of the work is 

C==m-hn{x''i)+fi(aL'\-—-\ 

This will be a minimum when the first derivative of C with 
respect to x becomes zero, and this gives n =pb—^, whicn 

shows that the cost of one of the intermediate piers should 
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equal the cost of the main and lateral trusses of one of the 

spans. Or, jr=s-v/^ — gives the economic number of spans. 

ft 

For example, if Z=siooo feet, ^1 = 900, and b^g for pin- 
connected spans, and / = 4 cents per pound, then for n = 
$8 000, the most economic number of spans is ;r = 7, and the 
total cost is $135 4CX), exclusive of abutments. Here the cost of 
the piers is 1^48000, and that of the seven spans is $87400, 
which indicates that the old rule may sometimes be at fault. 
Again, if the cost of a pier be n = $12 000, the economic number 
of spans is ;r = 5, which gives $48 000 for the piers, and $108 000 
for the superstructure. 

When the cost of piers varies in different parts of the river, 
the spans will vary in length, the shortest ones generally being 
nearest the banks. For each possible case a rough estimate of 
the cost of piers and spans may be made, and thus the arrange- 
ment which gives the minimum cost may be determined. For 
example, suppose the distance between abutments to be 500 feet, 
a pier near the middle costing $6000, and piers within 1 50 feet 
of the shore costing J4000 each ; then, using the above values 
of a^ b^ and/, the cost of one pier and two 250-feet spans would 
be $69 000, while the cost of two piers, with a middle span of 
200 feet, and two side spans of 150 feet, would be $56 600. 

Art. 10. Choice of Kind of Bridge. 

Whether the bridge span is to be deck or through will be 
determined in each case by the local conditions, among which 
the grades of the approaches are controlling factors. A deck 
span is usually cheaper than a through one, since the width of 
the bridge may be less and something is also saved on abut- 
ments and piers, and should hence be chosen if the approaches 
allow it and proper waterway can be secured beneath it. 
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The width of the bridge between trusses is determined by 
the amount of traffic. For a single-track railroad this width 
for a through bridge is taken as 14 or 15 feet in the clear, while 
for a deck bridge 10 or 12 feet between centers of trusses is 
usually enough for short or medium spans. 

The cost of the bridge is a material factor in determining the 
kind which is to be erected, and the problem of selection is 
hence a very complicated one. For railroads experience has 
led to the conclusion that at present the best results both as to 
stability and economy are obtained by using solid rolled beams 
for short spans up to 20 or 30 feet, plate girders for spans from 
25 to 1 10 feet, riveted lattice trusses for spans from 100 to 200 
feet, and pin-connected trusses for spans over 160 feet. It will 
be observed that these figures overlap each other, indicating 
that there is no distinct line of demarcation between the length 
of spans of the different classes, and detailed designs and esti- 
mates are often required to determine the cheapest type. 

The particular kind of truss is not usually stated in the 
specifications, this being left to the bidders who often may 
present plans which differ materially in general appearance. 
If all these plans conform to the specifications, the contract is 
awarded to the lowest responsible bidder. The choice of the 
kind of truss is hence usually made by the sellers rather than 
by the buyers of bridges, but the question of accepting the 
tender of the lowest bidder is sometimes influenced by the form 
of truss adopted in his plan. 

The discussion in Art. 4 gives only the general economic 
conditions which determine the form of truss. The depth of 
the truss is to be selected so as not only to secure proper head- 
way and afford opportunity for cross-bracing, but also so as to 
give the least amount of material; this question of economic 
depth is investigated in Art. 11. The number of panels should 
be odd rather than even for best economy, and should be such 



28 ECONOMIC DESIGN. ChAP. II. 

that the panel lengths, or distances between floor beams, may 
range from 12 to 24 feet. Probably the best panel length, as 
far as the floor system is concerned, is that which renders the 
weight of a floor beam about equal to that of the stringers in 
one panel. 

iEsthetic considerations should not be overlooked in choosing 
rhe kind of bridge, and the old maxim that strength, beauty, 
and economy go together contains some truth. The parabola 
is a line of beauty, and through trusses having the upper 
chords broken or curved are among those which now seem to 
possess the highest degree of economy for spans between icx) 
and 550 feet. In deck trusses, however, the upper chord is 
necessarily straight, and the slight downward curvature some- 
times given to the lower chord does not appeal to the public 
as an element of beauty. For deck bridges arches are always 
more beautiful than trusses, but unfortunately their cost is much 
greater. 

Approximate economic comparisons of trusses of different 
forms may be made by comparing the theoretic amounts of 
material, the material in any member being taken as propor- 
tional to the product of its maximum stress by its length. In- 
vestigations of this kind were first made by Whipple in 1847, 
and have since proved of value in studying the question of 
economic proportions. But such investigations are of limited 
value in comparing the relative economy of different forms, 
unless the unit stresses for compression be taken less than those 
for tension, and as required by a formula for columns. To 
introduce this element in a theoretic comparison leads to great 
complexity, and it is, in fact, only by making actual designs from 
a given specification that reliable results can be obtained. The 
work of Bender, cited in Art. 7, and Crehore's Mechanics of 
Girder (New York, 1886) may be consulted for examples ol 
such investigations. 
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Art. II. Economic Depth. 



The economic depth of a girder or truss is that which renders 
its weight a minimum. Such a depth exists by virtue of the 
facts that the chord material decreases and the web material 
increases as the depth is increased. For a plate girder it is a 
rough general rule that the economic depth obtains when the 
weight of the flanges is equal to the weight of the web. To 
show this it must be borne in mind that the thickness of the 
web plate is practically constant for a girder of short span, 
being rarely greater than | nor less than f inch. The material 
in the web hence varies as ^ x //, and that in the flanges as 
b/h^ where a and b are constants depending on the span loads 
and working unit stresses. The total material may then be 
represented by a; x // -I- b/h^ which is a minimum when the 
two terms are equal, that is, when the flange weight equals 
the web weight, or, more strictly, when the cost of the flanges 
equals the cost of the web. In practice, however, the weight 
of the flanges often exceeds that of the web. (See Arts. 66 
and 71.) 

For a truss an approximate determination of economic depth 
may be made by computing the stresses in terms of the panel 
length and depth, multiplying each stress by the length of the 
corresponding member, and regarding the products as represent- 
ing the amounts of material, and 
then finding the depth that ren- 
ders the sum of these products 
a minimum. For example, take 
the Pratt truss of which one- 
half is shown in Fig. 11. Let 
the dead load per panel point be 

«;, and the live load 3 w. Let the panel length be /, and the 
depth of the truss be h. By the methods of Part I the maxi- 
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mum stress in each member due to the given load is computed^ 
and each stress is then multiplied by the length of the corre- 
sponding member. For example, 



Mbmbbr. 


Stress. 


Stress x Length. 




i6wp/h 

471/ 

• . . . 


l6wp^/h 

i6w(A^+p^)/A 

4wh 

• • ■ • 



and the sum of all the products in the last column will be found 

to be ^ ^x 

Sum =zl'/oh + 287f ^ j w, 

which represents the amount of material in one-half the truss. 
Differentiating this expression with respect to h and equating 
the derivative to zero gives // = 2.03/, or the theoretic economic 
depth is about twice the panel length. For this depth the web 
material, including the end posts, is about 165 wpy and the chord 
material about ii8tt//, the former being about 40 percent 
greater than the latter. This value of the economic depth is, 
however, considerably too large for practice, since the investiga- 
tion has neglected the increase of the amount of material neces- 
sary in compression members. 

It may be further noted that great exactness in regard to 
economic depth is not important, since a function changes 
slowly in the vicinity of a maximum or minimum, so that con- 
siderable variations in depth may be made without much 
increasing the quantity of material. For instance, in the 
above case the following shows how the material varies for 
different depths : 

Depth ^ = 1.8 1.9 2.0 2.1 p^ 

Materia] = 285.3 284.4 283.8 284.0 wp^ 
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which indicates that the depth may vary ten percent from the 
economic depth without increasing the material as much as 
one percent 

Lastly, it may be noted that there has been a constant ten- 
dency since about 1875 to build through truss bridges with 
greater and greater depths. This has resulted from considera- 
tions of stiffness as well as those of economic depth. Increas- 
ing the depth of a truss diminishes its deflection under live loads 
and thus decreases the injurious oscillations which wear out a 
railroad bridge. This tendency is apparent in both long and 
short spans, but especially in the shorter ones. In some cases 
the increase in depth has gone so far as to require the vertical 
posts to be stiffened by horizontal braces placed between them 
in the plane of the truss and midway between the upper and 
lower chords. 

Art. 12. Practical Considerations. 

The engineer who draws the specifications is primarily 
. responsible both for the strength and security as well as for 
the economy of the structure. For, if improper working stresses 
are prescribed, or proper rules for stability are omitted, the 
builders, under the influence of competition, will present plans 
of structures lacking in security ; or, if excessive and unusual 
requirements are made in the specifications, the plans presented 
will not be economical. At present there are so many specifi- 
cations which may be called standard that it is not possible to 
go far astray in either of these directions, particularly for rail- 
road bridges. For many highway structures, however, the 
specifications are very loosely drawn, and every year there are 
erected some bridges which are defective either in stability or 
economy. As a general rule economy demands a bridge of 
proper stability, and the proper degree of stability will be 
secured by structures of the best economic design. 
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The designer should, of course, strictly follow the specifica- 
tions, yet in details and dimensions he has great liberty of 
choice. He should be well acquainted with the market sizes 
of materials and with the market prices. Variation from reg- 
ular sizes always involves delay and extra cost. Uniformity of 
sizes is advantageous, since several things of one kind can be 
purchased or made more cheaply than if they are of different 
dimensions. Simplicity of connections should be studied not 
only with respect to strength, but also with regard to economy 
of manufacture. The lines of action of all stresses meeting at 
a joint should intersect at a point, in order to avoid secondary 
stresses of twisting or bending. Simplicity, as a rule, leads to 
both determinate stresses and the economy of material. 

In riveted work excessive nicety in the spacing of rivets 
should be avoided. If possible the pitch should be in even 
inches, that is either 2, 3, 4, 5, or 6 inches, especially when the 
rows are long, as in columns and the flanges of plate girders. 
It will be more economical still if the pitches can be reduced to 
two, 3 inches and 6 inches, but this is not so easy to attain and 
still maintain the proper uniform strength throughout 

In pin-connected work it will often be advantageous, particu- 
larly for short spans, if the pins are of uniform sizes, except 
perhaps those at the ends. As the strength of a pin depends 
more upon its resistance to transverse stresses than to shearing, 
it is often possible to insure that the prescribed unit stresses 
shall not be exceeded by properly spacing the eye-bars (Art. 91). 
Columns and lateral bracing must be arranged with due regard 
both to economy of shop work and to ease of erection. Field 
riveting should be reduced to a minimum, since it is more expen- 
sive and less satisfactory in regard to strength than shop riveting. 

All parts of the metal work of the bridge should be arranged 
so that they can be easily painted after erection. The shoes, 
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rollers, and bed plates should be so placed that they cannot 
become surrounded with dirt from the roadway or approaches. 
The floor of a highway bridge should be so arranged that water 
draining from it shall not fall upon the metal work underneath. 
In short, the designer should endeavor to produce a structure 
that shall not only be of ample security when erected, but which 
shall maintain that degree of security through a long life of use- 
ful service to the public. 
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CHAPTER III. 

BRIDGE CONTRACTS AND OFFICE WORK. 

Art. 13. Specifications. 

The local circumstances of the case in hand determine, accord- 
ing to the principles of Chap. II, the number of spans of the 
bridge to be built, the lengths of the spans, the width of road- 
way, whether the trusses are to be deck or through, and the 
character of the traffic. The engineer representing the party 
that is to own the bridge then prepares rules regarding the 
loads to be used in the computations, the permissible unit 
stresses, the quality of the materials, and the character of the 
workmanship. These rules are called specifications, or some- 
times "the specification." All the plans to be submitted by 
bidders must be in accordance with these specifications, which 
are afterward made a part of the contract between the buyer 
and the successful bidder. 

Specifications cannot be successfully prepared except by an 
engineer of experience. In highway bridge work it sometimes 
happens that county commissioners or town authorities advertise 
for proposals without having definite specifications, but the 
result is sure to be that a poor bridge will be erected. Any one 
can buy a bridge, but only an engineer can do so and obtain 
both a stable and an economical structure. The highway-bridge 
specifications of Cooper and those of Waddell are excellent 
guides to follow, and they can easily be obtained in pamphlet 
form. Many railroad companies have their own specifications, 
and the large bridge companies also have specifications which 
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they recommend purchasers to follow. The use of such stand- 
ards by the young engineer will usually result in better work 
than can be obtained by any specifications prepared by him- 
self. 

The following extract from a lecture by Theodore Cooper 
states in an excellent manner the fundamental purpose of 
specifications : 

" Their purpose is a twofold one. First : They are to enable 
bidders upon any work to understand fully the character and 
extent of the work and what they are expected to furnish and 
what to do, in order that they may be able to make suitable 
estimates upon which to formulate an intelligent and proper 
bid. Second : They are, in connection with the plans, to serve 
as the reference in regard to all questions as to qualities of the 
materials and workmanship during the execution of the work, 
in order to avoid misunderstandings between the engineers and 
contractors ; the contractor not being allowed to furnish poorer 
or less suitable materials and workmanship than is there speci- 
fied, nor the engineer to demand any better without giving an 
extra compensation. Nothing serves better to obtain the best 
class of contractors and to obviate much of the friction which 
occurs during construction between the engineer and the con- 
tractor than a good specification, carefully and clearly expressed. 
A loosely drawn and incomplete specification is always attract- 
ive to the worst class of contractors, or those who do not 
intend to do an honest job and who will take advantage of 
every weak point to get all they can out of the work." 

Art. 14. Estimates and Proposals. 

After the preparation of the specifications, proposals or bids 
are invited from bridge companies for the manufacture and 
erection of the structure. In general, bridge companies con- 
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tract for and build only the superstructure, while the piers and 
abutments are erected by masonry contractors. 

The usual mode of procedure is to publish an advertisement 
which gives the location, length, number of spans, and width of 
the bridge, stating whether highway or railway, and whether 
timber, stone, or metal is to be employed. The advertisement 
mentions where specifications can be seen and information 
obtained, and names the day and hour when the proposals 
will be opened. It often states that a certified check for a cer- 
tain amount must be deposited by each bidder as a guarantee 
that he will enter into a contract in case the work is awarded to 
him. Bidders are invited to be present at the opening of the 
proposals, and the right is reserved to reject any or all bids. 
It should also be required that each bidder shall present a stress 
sheet and a general plan of the structure that he purposes to erect. 

A bridge company which desires to put in a bid for building 
the bridge sends one of its agents to the place to procure all 
the data available. Sometimes the engineer in charge of the 
work has plans prepared on which the companies estimate and 
bid, but usually each company prefers to make and submit its 
own plans. The agent examines closely the locality and esti- 
mates the cost of hauling the material from the nearest railroad 
station, as also the cost of erection. The latter item is often 
an uncertain one, since delays due to the weather or to floods 
in streams are liable to arise, and sometimes accidents occur 
which cause the loss of all profits. It should also be the duty 
of the agent to become acquainted with the parties who purpose 
to build the bridge, so that in case of a close competition he 
may be better prepared to induce them to accept the proposal 
of the company which he represents. 

The computations and designs made by a bidder in order to 
estimate the cost of a structure are similar to those given in the 
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preceding and following chapters. The style and proportions 
of the bridge being decided upon, the stresses are computed by 
the methods of Part I or Part II, and a stress sheet is pre- 
pared, showing these stresses and the sections of the main mem- 
bers. A general drawing is also made showing elevation, plan, 
and cross-section, with the main features of all details. From 
this drawing a bill of material is made out, and estimates of 
the weight and cost of manufacture are prepared. Adding to 
this the estimated cost of freight and erection, and a fair per- 
centage for interest on invested capital, profit, and contingen- 
cies, the bidder decides upon a sum to state in his proposal. 

The usual practice in highway-bridge lettings is for each 
bidder to offer a lump sum for the erection of the superstruc- 
ture ready for traffic and painted. On railroads it is often the 
case that the cross-ties, rails, and guard timbers are laid by 
the railroad company, so that the lump sum is exclusive of the 
track. On some railroads, however, the proposals are required 
to be made per pound of the finished structure ready for the 
track, and in such cases the actual sections of the members are 
not allowed to exceed by more than 2 or 2 J percent the theo- 
retic sections as required by the stresses and specifications. 

Art. 15. Lettings and Contracts. 

At the hour stated in the advertisement the proposals are 
opened and read in the presence of the bidders. The accom- 
panying plans are referred to the engineer in charge to see if 
they conform to the specifications. It is, however, usually only 
necessary for him to check the computations of two or three of 
the lowest bidders if their plans seem otherwise acceptable. 
On the receipt of the report of the engineer the commissioners 
or authorities in charge make a formal award of the work to 
the lowest responsible bidder whose plans are satisfactory, and 
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be is notified to appear and sign the contract, while the plans 
and certified checks of the other bidders are returned to them. 

It often happens at a bridge letting that the highest bid is 
about double the lowest. This wide discrepancy is probably 
due more to the fact that certain companies have better facili- 
ties regarding freight and erection than to the relative econ- 
omy of the several types of trusses. The number of proposals 
submitted for a structure usually ranges from five to twenty. 

This method of bridge lettings, in which each bidder offers 
his own designs, has many advantages, but it has the disadvan- 
tage that only one out of a number of plans is utilized. If 
twelve bidders each spend $ioo in making estimates and de- 
signs for a single bridge, there has been expended altogether 
$1200 which in some way must be paid by the buyers of 
bridges. It is not an infrequent practice, indeed, that the 
twelve bidders form a pool, each adding $1200 to his bid, and 
then the successful bidder pays $100 to each of the eleven un- 
successful ones. This is a necessary evil of the method, per- 
haps, but the evil is not as great as often assumed, since the 
expenses of the bridge companies must be paid in some other 
way if not in this. The expenses of estimating would be les- 
sened if the bidders were limited to plans and designs made by 
the engineer in charge, but in such cases it usually happens, 
owing to details of construction, that their bids are higher than 
for their own designs. Open competition has been one of the 
elements which has led to the present economic forms of 
bridge trusses (Chap. II), and, notwithstanding the necessary 
evils of pools, its results continue in general to be satisfactory. 

The contract which is entered into between the parties speci- 
fies that the bridge company shall erect the structure according 
to the plans and specifications, and that the other party shall 
pay to said company a certain amount for the same. It also 
sets forth in detail the conditions regarding time of completion 
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and payment, the liabilities of the contractor for damages due 
to accidents, penalties for delay of completion, and other condi- 
tions mutually agreed upon. When this document is signed 
both parties are legally bound by its provisions, and the bridge 
company is ready to begin the detail drawings for the shop 
work. 

A bond is also required to be given by the contractors, signed 
by them and two responsible bondsmen, binding the contractors 
under a penalty to execute the contract in pursuance of its 
terms and conditions, and in accordance with the plans and 
specifications thereunto annexed. This bond is in law of the 
nature of a promissory note, and in case of default of the con- 
tractors an action at law can be brought to recover the sum 
stated therein, or such part of it as may be sufficient indemni- 
fication for the damages sustained. 

There are many engineers who own no bridge works, yet 
nevertheless bid for and take contracts to erect structures. 
Such men have arrangements with bridge builders to manufac- 
ture their bridges at certain prices per pound, or they make 
special bargains for the contracts that they secure. Many of 
these engineers do good work and make a fair profit. 

Art. 16. Office Practice. 

The engineering department of a bridge company is usually 
divided into two parts, the estimating or computing division and 
the detailing or drafting division. The estimating division com- 
putes the stresses and makes a stress sheet, giving the principal 
dimensions and sections, and from this prepares bills of material 
which enable the amount of its bid to be determined. If it 
secures the contract, this stress sheet is then turned over to the 
drafting division, where the details are worked out and the 
working drawings are prepared. Thus, for the small bridge of 
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Chap. X, the sheet No. i (Fig. 137) is prepared by the esti- 
mating division, while the nine other sheets are made by the 
drafting division. A young graduate on entering the engi- 
neering department of a bridge company is generally assigned 
to the drafting office, where he spends three or four years in 
obtaining the training that is necessary before he can be pro- 
moted to the estimating division. 

The working drawings made by the drafting division are for 
the use of the templet makers, the shop foreman and workmen, 
and the inspectors. Hence the drawing of each piece should be 
made so plain and complete that the workmen may clearly and 
easily understand it. The dimensions of all pieces, rivet spac- 
ing, and pitch of rivets should be given in full on the drawings. 
All printing should be plain and well done, though time should 
not be wasted in this work. All figures should be large enough 
to take and show well in the blue print. If the space on the 
drawings between the rivet heads will not permit of good-sized 
figures being placed in them, then lines should be projected off 
to one side of the member and the figures placed between 
them. Arrow points should be placed at the points between 
which the distance is given. Fairly heavy lines should be used 
so as to give a good clear blue print, while fine ones should be 
avoided except for dimension lines. 

The data which the draftsman receives from the computing 
division consist of the stress sheet showing the stresses in the 
members and the sections to be used, and a copy of the specifi- 
cations. The first thing the draftsman generally does is to find 
out what material is required and how much of it. If the struc- 
ture is of considerable size, this is best done by laying out the 
work in a general way on thick brown paper prepared for this 
purpose, not stopping to put in the details, but going far enough 
to enable him to determine quite closely what are the lengths 
and sizes of the angles and plates which are required. He then 
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consults the list of material in stock, and if he finds any in 
his bill that is not in stock he makes out an order list, from 
which the material is ordered immediately by the purchasing 
department, for it must be on hand as soon as the drawings are 
finished. 

The drawings already laid out in a general way are now 
completed by placing tracing linen over them and tracing the 
work from the paper and filling out the details on the tracing 
linen. In making the details many computations of rivet con- 
nections must be made, so that the work shall compare to both 
the specifications and the practice of the bridge company. 
The detailer must have a good knowledge of the mechanics of 
materials in order to be successful in his work. 

The tracing is done on the back or unglazed side of the 
linen. This side shows pencil lines much better than the 
glazed side, and it will take ink lines just as well. When it 
is necessary to do any erasing on the tracing linen a rubber 
ink eraser is used carefully and patiently. The erased area is 
then rubbed with a stick of pumice stone before inking again, 
to prevent the ink from spreading. The point of a knife or 
other sharp tool should not be used to erase lines or spots 
from tracing linen which have to be inked over again. If the 
surface of the tracing linen becomes greasy so that the ink 
will not take well, a little powdered chalk, sprinkled on and 
rubbed carefully with a cloth, absorbs the grease and gives a 
better working surface. 

After the drawings have been completed a bill of material 
is prepared. This is made in such a way as to serve as a 
shipping list also. It contains a list of every individual piece 
entering into the structure. These are arranged in groups in 
the list just as the pieces are assembled to make up a member. 
All pieces which require forging, such as eye-bars, ties, and 



42 CONTRACTS AND OFFICE WORK, ChAP. III. 

counters, are listed also on a sheet known as the forge sheet. 
Full dimensions and details, and perhaps sketches, are required 
on this sheet, which then goes to the forge shop. A list of all 
field rivets and bolts is also made, which gives their size, length, 
grip, and their location in the bridge. 

After the listing has been done both drawings and lists go 
back to the computing room, where every item, line, and figure 
is carefully checked. If no errors are found, which is rarely 
the case, the draftsman may consider his work completed, but 
if any are found they must be corrected. Blue prints are next 
taken from the tracings, and the work is ready for the shops. 

In the drafting rooms of some of our larger bridge plants 
there are as many as twenty-five or thirty men, all under the 
immediate charge of a superintendent or head draftsman, who 
is thoroughly posted on all kinds of detail work and shop 
methods. Each man is supposed to be supplied with a com- 
plete outfit of drawing tools, and to have a desk to himself, 
with drawers for paper, tracing linen, and tools. The old style 
of drawing desk is flat on top and from three feet six inches to 
four feet in height, with a regular drawing board on top. The 
more modern desks are not quite so high, and the top is so 
arranged that it can be tipped up toward the draftsman, making 
it easier to see and get at all parts of the drawing. 

Adjoining the drafting room is a fireproof vault in which are 
kept all plans and drawings of structures that have been built 
by the company. These are of great value to the company 
and also to every draftsman. The vault is the draftsman's 
library. In consulting it he may find many unique and useful 
designs and details which will greatly facilitate his work, espe- 
cially in unusual connections such as occur in skew bridges. 
A young drattsman should also take advantage of every oppor- 
tunity to observe and study shop processes in order to be able 
to see the reasons of the rules of the company regarding bridge 
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details. The young engineer who does not understand the 
reasons that govern his work cannot make good and satisfactory 
drawings for his employer, but he who knows the theory and 
practice of the subject will do the best work and earn the most 
rapid promotion. 

Art 17. Rules for Shop Drawings. 

The following rules for making shop drawings are those 
given by the American Bridge Company in its Standards for 
Structural Details, 1901. They are here printed by permission 
kindly granted by C. C. Schneider, Vice President. These are 
general rules applicable to all kinds of detailed drawings ; other 
special rules for drawings of plate-girder bridges, truss bridges, 
and buildings are also given in the volume above mentioned. 

The standard size of sheet shall be 24 by 36 inches, with two 
border lines ^- and i inch from the edge respectively. Small 
sheets shall be used for beams, pins, eye-bars, etc. Special 
forms are provided for these sheets. 

The title shall be arranged uniformly for each contract near 
the lower right-hand corner of the sheet. A stamp is provided 
for the contract, sheet number, etc. It shall be applied in 
the lower right-hand corner of the sheet. The name of the 
draftsman in charge of the work shall appear in full, others 
with initials only. 

Detail drawings shall as a rule be made in scale | or i inch 
to the foot ; for large plate and lattice girders J and f inch may 
be used. Larger scales, such as ij and 3 inches to the foot, 
are permissible only for showing certain complicated details or 
for machine work. Large sheets shall be neatly and carefully 
made to exact scale. 

Members shall be detailed in the position which they occupy 
in the structure, that is, horizontal members shall be shown 
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lengthwise, and vertical members crosswise, on the sheet. In* 
clined members (and vertical ones when necessary on account 
of space) may be shown lengthwise on the sheet, but then 
always with their lower end to the left. Avoid notes as much 
as possible. Where there is the least chance for ambiguity 
make another view. 

Show all elevations, sections, and views in their proper posi- 
tion — looking toward the member. Place the top view directly 
above and bottom view below the elevation. The bottom 
view shall always consist of a horizontal section seen from 
above. 

In sectional views the web or gusset plates shall always be 
blackened. Angles, fillers, etc., shall be cross-hatched, but 
only when necessary on account of clearness. In a plate 
girder, for instance, it is not necessary to cross-hatch all the 
stiffeners and fillers in the bottom view. 

Holes for field connections shall always be blackened, and 
shall, as a rule, be shown in all elevations and sectional views. 
Rivet heads shall be shown only when necessary ; for instance, 
at the ends of members, around field connections, when counter- 
sunk, flattened, etc. 

In detailing members which adjoin or connect to others in 
the structure, part of the latter shall be shown in red, suffi- 
ciently to indicate the clearance required or the nature of the 
connection. Plain building work is exempt from this rule. 

When part of one member is detailed same as another, figures 
for rivet spacing, etc., shall not be repeated ; refer to previous 
sheet or sheets, bearing in mind that these must contain final 
information. It is not permissible to refer to a sheet, which 
in turn refers to another. Main dimensions, which are neces- 
sary for checking, such as center-to-center distances, story 
heights, etc., shall be repeated from sheet to sheet. 
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Holes for field connections must always be located inde- 
pendently, even if figured in connection with shop-rivets ; they 
shall be repeated from sheet to sheet unless they are standard, 
in which case they shall be identified by a mark and the sheet 
given on which they are detailed. 

A diagram in small scale, showing the relative position of 
the member in the structure, shall appear on every sheet. The 
member or members, which are detailed on the sheet, shall be 
shown in black, and the rest in red, ink. Plain building work 
is exempt from this rule. 

The quality of material, workmanship, size of rivets, etc., 
shall be specified on every sheet as far as it refers to the sheet 
itself. Standard workmanship, such as milling and tight fit of 
stiffeners, milling ends of columns, etc., shall not be specified 
on drawings. 

Each piece which is shipped separately shall have a shipping 
mark. These marks shall consist of capital letters and nu- 
merals, or numerals only ; no small letters shall be used except 
when sub-marking becomes absolutely necessary. The letters 
R. and L. shall be used only to designate "right*' ana l^ft" 
Never use the word "marked" in abbreviated form in front 
of the letters, for instance, instead of " 3 Floorbeams, mk. G4," 
say " 3 Floorbeams G4." 

Pieces which are shipped bolted on to a member shall, as a 
rule, also have a separate mark in order to identify them should 
they for some reason or another become detached from the 
main member. The drawing shall specify which pieces are to 
be bolted on for shipment, and the necessary bolts shall be 
billed. 

A system of assembling marks shall be established for all 
small pieces in a structure which repeat themselves in great 
numbers. These marks shall consist of small letters and 
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numerals, or numerals only; no capital letters shall be used; 
avoid prime and sub-marks, such as m'a. 

For all lettering use plain letters. For title, main dimensions, 
and for all marks, particularly shipping marks, use heavy type. 
Red ink (Winsor & Newton's carmine) shall be used for dimen- 
sion, reference lines, etc. 

Conventional signs for rivets are shown on page i8 [Stand- 
ards for Structural Details]. Countersunk rivet heads project 
I" ; if less height of heads is required, drawings shall specify 
that they are to be chipped or that they must not project more 
than -j^g^''. Flattened heads project from f to •j'^"; if less 
height of heads is required, they shall be countersunk. 

Metals in- section shall be shown as follows: 




Steel. 



Steel. 



Cast iron. 
Pig. zs. 



Cast steel. 



Bronze. 



Shop bills shall be written on special forms provided for the 
purpose. When the bills appear on the drawings as well, they 
shall either be placed close to the member to which they belong 
or on the right-hand side of the sheet. 

When the drawings do not contain any shop bills, these shall 
be so written that each sheet can have its bills attached to it, 
if desired ; that is, one page of shop bills shall not contain bills 
for two sheets of drawings. 

In large structures, such as elevated railroads, viaducts, etc., 
which always are subdivided into shipments of suitable size, 
both mill and shop bills must be written separately for each 
shipment. 

In writing the shop bill, bear in mind that it shall serve as a 
guide for the laying out and assembling of the member, besides 
being a list of the material required. For this reason members 
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which are radically different as to material shall not be bunched 
in the same shop bill, neither shall pieces which have different 
marks be bunched in the same item, even if the material is the 
same. 

The main material in a member shall be billed first, followed 
by the smaller pieces. It is generally a good practice to begin 
at the left end of a girder, or at the bottom of a post or column. 
Do not bill first all the angles and then all the flats; when, for 
instance, the end stififeners in a girder are billed, the fillers 
belonging to them shall follow immediately after the angles, 
and so on. In a column each different bracket shall be billed 
complete by itself. 

When machine-finished surfaces are required, the drawing 
and the shop bill shall specify the finished width and length 
of the piece, proper allowance for shearing and planing being 
made in mill bill. When the metal is to be planed as to thick- 
ness, the drawing and shop bill shall specify both the ordered 
and the finished thickness, for instance, one pi. 12" x ^|" x i'6" 
planed to |". 

Flats and universal plates over 4" in width should be ordered 
in even inches ; flats under 4" should be ordered by J" variation 
in width. Flats J" and under in thickness are very difficult to 
secure from the mills, and should be avoided if possible. 

Every contract embracing different classes of work shall have 
a subdivision for each class. These subdivisions will be fur- 
nished by the chief engineer of the district. Drawings, shop» 
and shipping bills must be kept separate for each division. 
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CHAPTER IV. 

FABRICATION AND ERECTION.* 

Art. 1 8. Organization. 

The bridge shop is dependent upon an office. The office 
stands for organization, which is made efficient by means of 
four subdivisions: engineering, fabricating, erection, and ac- 
counting. The managing head, or superintendent, is the final 
authority in all matters. His assistants are, for the most part, 
technically trained men who, as experience fits them, are drawn 
from the general force. The technical graduate usually begins 
his career in the drafting room ; later he may be transferred to 
the shop and to the erection forces in the field. 

Engineering deals with all structures in their early stages. 
The chief engineer is responsible for designs, estimates of ma- 
terials, and details. Since, in the majority of cases, inquiries 
regarding proposed work are not accompanied by complete 
plans, stresses must be determined in order to make an ac- 
curate estimate of the material required. A knowledge of 
details, gained in drafting experience, is necessary to make a 
good designer. The designer does not know when an estimate 
will result in a contract and must therefore make a careful esti- 
mate based on economical design and details. Due to the fact 
that the mills charge extra for all material over given limits, the 
summary for the bidding sheet has the material divided on the 
basis of size, or base price. The amount of material to be sub- 
punched, reamed, or drilled is given, and the physical and 
chemical requirements are stated because they indicate the 

♦ By Warren B. Keim, C.E., Assistant Engineer, Bridge and Construction De- 
partment, The Pennsylvania Steel Company. 
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quality of the desired material. The cost of material is known 
from market quotations ; that of fabrication can readily be fixed 
from shop cost records ; if the work is to be erected, an estimate 
is made of this cost. This condensed record, or bidding sheet, 
is always available for comparison with the actual cost on com- 
pletion of the work. Only a small number of the total estimates 
made are entered as contracts. They are then turned over to 
the drafting room where the details are developed as the shop 
drawings are made. These must be approved by the purchaser's 
engineer before it is safe to proceed with the work. 

Fabrication gives form to the work of the designer and 
draftsman ; it thus appeals strongly to the person who is alert 
to the growing results of his work. A schedule, or program, 
giving among other things the particular time when work is to 
be taken up in the shop, is made monthly for all contracts on 
hand. This program is based on the contract time of comple- 
tion, or promise of delivery ; it also depends on the completion 
of the drawings, receipt of material from the mills, and condi- 
tion of the masonry. It therefore governs the work of drawing, 
of ordering the material, and of securing this material from the 
mills. In order to have all main material on hand at the proper 
time, the work of procuring it from the mills must be systemat- 
ically followed. Templets are pushed for completion on definite 
dates, while particular contracts or drawings are ordered into 
the shop as soon as the templets are completed, or the material 
has come from the mills. Assembling and riveting are then 
directed by specific programs. 

Some shops are operated under the old daily rate system 
of payment. Of the newer forms — bonus, premium, and 
piece-rate system — the fairest is believed to be the premium 
system. If the worker exceeds the amount of work assumed 
for the average man, he is entitled to a definite percentage on 
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this added production ; the remainder is the company's share. 
Once the rate is fixed, it must remain unchanged unless newer 
machinery results in a decided increase in production. As soon 
as a drawing is sent to the shop, the time analysis is made. 
This fixes the time allowed to perform every single operation 
for each structural member. Hardness of material, speed of 
machines or drills, amount of handling, and simplicity of details 
are all considered. From this analysis can be determined the 
time in which the average man can do the work. When it is 
being done the actual time of every operation is kept. The 
record kept of the work of each man shows whether or not he 
has earned a premium. 

As the work is being riveted, or otherwise nearing completion, 
it is given attention by shop inspectors. They see that plans 
are followed closely and they are responsible for accurate out- 
put. The upkeep of the shop is taken care of by a mechanical 
staff. Their knowledge and watchfulness control freedom from 
breakdown and therefore speed of output. Records are abso- 
lutely essential. One set has to do with the number of men 
employed daily in each department. Shipment of finished 
material as well as that sent to the yard for storage is recorded 
daily. Each individual drawing has its own record card which 
gives its actual shop condition at any particular time. Consump- 
tion of fuel and power is recorded and compared with output. 
A record is kept of the life of various tools and their accessories 
as well as of equipment. 

Erection has to do with the completion of the structure in its 
final location. An engineer has oversight of this division of the 
work. Many engineering features must be determined in ad- 
vance. Stresses due to erection often control the main material 
required and very often the details. Competition may be so 
keen that the method of erection will secure a contract, if less 



Art. 19. PREPARATION FOR FABRICATION. 5 1 

costly than one commonly used. A large equipment called 
plant is necessary to erect bridges due to different conditions 
prevailing at various sites. To keep this plant efficient and 
adapted for low cost erection requires the attention of trained 
men. Every erection operation in the field is a complete busi- 
ness in itself. Payrolls, material accounts, daily reports, and 
correspondence are handled in both field and home office. 

Accounting keeps the managing head in close touch with all 
the work. It deals with all the costs of operation. Losses, if 
any, must be shown and guarded against on future work. An 
accurate list is kept of all material, with its cost, entering into 
the work of every contract. The shipped weight of finished 
material when deducted from material shipped from the mills 
must not show an excessive loss. This is shop waste due to 
cutting material. Labor cost of fabrication, operation of shop, 
and overhead cost or management form another class of ac- 
counts. The cost of erection is kept well classified and monthly 
estimates can be made of the cost of completing any contract. 

Art. 19. Preparation for Fabrication. 

In preparing for shop work close attention must be given to 
four operations : ordering material, specifications and rolling, 
receiving material, templet and pattern work. Bridge shops as- 
sociated with the furnaces and mills have the second operation 
under better control. 

Ordering material is done from bill sheets which list every 
piece called for on a drawing. This material may be plates, 
structural shapes, forgings, castings, and miscellaneous items. 
Plates are rolled on a universal mill from 8 to 49 inches in 
width, — their edges are rolled or finished; plates up to 132 
inches wide can be made with sheared or cut edges. Plates for 
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connections are irregular in shape and when cut at the mill 
ready for use are known as sketch plates. It is often necessary 
to consult the mill as to what can be rolled in specific cases. Of 
the structural shapes angles, beams, and channels are most in 
demand. Tee bars cannot be readily secured, while zee bars 
are rolled at few mills on account of little demand. Forgings 
are used for pins and rollers. Steel castings are sometimes 
used for rollers, but the latter can be secured more quickly if 
rolled or forged. Steel castings are rapidly replacing those 
made of cast iron. Miscellaneous material often requires more 
information for ordering than most of the others. One of the 
first things the college man should learn, when in the drafting 
room, is that material does not come perfectly to the dimensions 
called for. He should become familiar with the variations al- 
lowed in the best rolling mill or foundry practice. As an in- 
stance, a girder may have a web 48 inches deep and 50 feet 
long. With sheared edges the plate may vary as much as ^ 
inch and, unless the flange angles are set 48 J inches back to 
back, the plate will project beyond the angles, at some points, 
unless one edge is planed. In short, unusual sizes or un- 
necessary refinements must be avoided. 

The specifications for making steel adopted by the American 
Railway Engineering and Maintenance of Way Association are 
rapidly being accepted by the different railroads for their 
standard. This uniform specification will simplify mill work 
and secure quicker deliveries. Naturally when mills are busiest, 
customers are most urgent in demanding their work. To se- 
cure quick deliveries, few sizes of shapes must be specified. 
The mills should cut out unnecessary sizes such as 4 x 3 and 
5x3 angles, because 4 x 3 J and 5 x 3| are better sections and 
two sections will be furnished more quickly than four. Large 
highway bridges have as many as sixteen different sections of 
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angles ; to get these rolled at the mills will take two to three 
months. Standard railroad practice, however, tends toward 
simplification along this line. When the material is rolled, 
a number is stamped upon each piece which re^iresents that 
given the particular heat, or melt, of steel in the furnace. Tests 
of a specimen from each melt are made and a record kept of its 
chemical and physical properties. 

When the material is received at the shop, it has the mill 
order number, contract, number, and size painted on it. It 
should be carefully checked with the ordered dimensions. To 
discover the errors after material is in the shop is expensive be- 
cause of delay. If the storage yard is large enough, the ma- 



Flg. 13. — Uanlry Crane In Slorage Yard. Kabricaleil material, insload of plates and 
shapes, ar= stored in yard temporarily. 

terlal can be separated by contracts. Records show the exact 
location of all material. For reloading and sending to the shop 
a minimum time is thus required. Gantry or bridge traveling 
cranes are most efficient for storage yard service. Several 
months' material can well be kept in the yard to guard against 
sudden changes in demands for finished product. Figure 13 is 
an illustration of a storage yard with gantry crane. 
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Templets and patterns are the beginning of actual shop 
operations. These are made as soon as the drawings are ap- 
proved ; in the meantime mate'rial is being rolled. A templet, 
made of while pine lumber or durable paper cardboard, is of the 
exact size of any separate piece of a structural member, and 
may be a frame or a single board. In the templet, holes J inch 
diameter in wood or ^ inch diameter in cardboard are cut wher- 
ever there is to be a hole or rivet in the finished piece. The card- 
board is replacing expensive lumber and both are in part being 
eliminated by automatic spacing punches. Templet lumber is 
4, 6, and 8 inches wide; ^ inch thick; I2, 14, and 16 feet long. 
Cardboard is 42 by 60 inches and J inch thick. All dimensions 
are taken from steel tapes which are standardized. Since the 
first essential of good shop work is accurate measurement, all 
tapes must be true and constantly checked. A draftsman should 
keep in touch with the templet shop until he knows just what 
information is necessary or required for a drawing. Unlike the 
templet, a pattern is a full-size model of the finished casting, 
but slightly larger. To make it, a shrinkage rule is used in- 
stead of the ordinary foot rule. For steel castings the foot 
actually measures 12^q inches, while for iron castings it meas- 
ures 12J inches. Both castings, while cooling, shrink to the 
standard foot of 12 inches. To know the methods for mak- 
ing irregular castings makes it profitable for the young drafts- 
man to visit the foundry. Slight changes in details of the 
design often produce better castings. The pattern maker 
should serve as a check on the drafting room, but usually draw- 
ings are finished and approved before he is able to see them to 
suggest improvements. To protect patterns from the moisture 
in sand or loam, they are painted with shellac. Pattern and 
casting work should be kept well in advance of the main 
structural work, in order to gain time for replacing defective 
castings. 
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Art. 20. Preparation of Mill Material. 

For convenience in shipping and to prevent loss, the raw 
material is received from the mill in long lengths. The main 
material is delivered cut to size, with an allowance for finishing 
if required, while the detail pieces are cut from Jong lengths 
known as multiple lengths. The structural shapes and the 
plates should be kept on separate, or opposite, sides of the shop 



Tig. H. — Preparalion of Mill Miiterial. Shows separation of plales and shapes, 
punches in foreground, plale shears in right background, angle shears on lefl in hi back- 
ground. 

for convenience in handling. Broad gauge tracks enable the 
material to be delivered on railroad cars, from the mill or shop 
yard directly to the machines in the shop. Overhead traveling 
bridge cranes and cantilever wall cranes carry the material from 
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point to point in the shop and finally to the finishing end. Nar- 
row gauge tracks carry the small trucks loaded with short angles, 
plates, and lattice bars, through the shop to points where the 
assembling is done. Before the material is ready to be used, 
much handling is required. It includes the following opera- 
tions : straightening, marking off, cutting or sawing, bending 
or crimping, upsetting, buckling, planing plate-edges, milling or 
chamfering, and finally punching or drilling. Figure 14 shows 
how plates and shapes are separated in preparation. Punches 
are shown in foreground, plate shears in right background, and 
angle shears in left far background. 

Since material rolled at the mills distorts somewhat on cool- 
ing, the structural shapes must be straightened by running 
through grooved rolls or on gag presses. Care must be taken 
in straightening to leave the legs of angles exactly at 90 degrees 
to secure full bearing for stiffener angles of plate girders. Plates 
are straightened by running them through straightening rolls 
consisting of six or eight sets of parallel rolls. Loading, un- 
loading, or sorting material, especially plates, results in bending 
or kinking due to improper handling appliances. Before they 
can be used in the shop, the plates must be straightened by run- 
ning them through rolls. Plates become curved from irregular 
punching ; they may be straightened by increasing the pressure 
on the one side of the plate. 

When the material is straight and flat, it is in proper condition 
for marking off. The templet is laid on the metal piece and 
securely clamped. A special center punch, placed in the temp- 
let hole and given a blow with the hammer, leaves a conical- 
shaped indentation in the material. The correct length is 
marked by scratching a line at the end of the templet. This 
is then made more distinct by small center punch marks which 
give it the appearance of a dotted line. All the punching, cut- 
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ting, or any other work to be done is indicated on each piece 
just as called for on the drawing. Material to be bent is marked 
off after the bending has been done. Pieces for small details 
or short lengths are first cut to exact size and then marked off 
and punched. The contract number, drawing number, and 
assembling, or indentificatiou, mark are painted on each large 
piece, but on only a few of the duplicate pieces when there are 
many of them. It is known, therefore, for what particular 
member this material will be required. 

The machines for cutting or sawing are close to the end of 
the shop where the material is delivered and marked off. The 
bulk of the material can 

be cut or sheared. The / Lefl I H 

angle shears can make — \ 

square and beveled cuts ; \ ^ Right \ [J 

it has two cutting blades, p. 

symmetrically placed, in 

order to cut angles in pairs called rights and lefts as shown in 
the accompanying diagram. 

The beginner usually has trouble to understand right and 
left, or opposite hand. If he conceives of an end post, with 
portal connection angles on the inside web, or a shoe with 
bottom lateral connection plate, placed before a mirror, he will 
see the left, or opposite hand, reflected in the mirror ; the object 
itself is the right or " as shown." In other words, the object 
and its reflection are symmetrical about the plane of the mirror. 
Being different in at least one or two points, which if omitted 
would leave the objects alike, the one cannot be substituted for 
the other by reversing or turning in any manner. Just as 
objects are paired, so small pieces are paired. Beams and 
channels are cut on special machines, so also the coping is done 
when part of the flange and web is removed that the top or 
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bottom may be flush when one is connected to the other. If 
finish is not particular, channels can be cut on a plate shear; 
otherwise they must be sawed like beams. Plate shears consist 
of a straight knife, or shear blade, capable of cutting a plate 
132 inches wide and i inch thick, down to smaller shears of the 
same type and also of a different type called the alligator or 
splitting shears. Plates sheared at the mill overrun their di- 
mensions frequently and must be sheared to the nominal size 
called for on the drawings. Lattice bars are cut from long bars 
which have the holes and two round ends punched with one 
stroke of the machine. The saw known as the cold saw, circu- 
lar in shape, runs at a comparatively slow speed and mills off 
small chips as it cuts through the section. 

Bending or crimping is done before the holes are punched. 
When there is little duplication of pieces, the bending is done 
by a blacksmith. The angles and plates are heated at the point 
to be bent; then one part is fastened in a clamp or on a flat bed 
and bent to long or short radii by hammering. Heavy sections 
or duplicate parts are bent on the hydraulic press with the aid 
of dies or bending forms. Curved end angles of through plate 
girders and curved or angular knee braces are thus bent in an 
economical manner. When the radius of the curve of any 
material is large, it is bent cold on a bulldozer. This machine 
bends, material in small arcs by exerting light or heavy pres- 
sure between two fixed supports, thus producing in a beam a 
small or large permanent deflection between the supports. Thus 
the small divisions of the piece are so bent that the result 
is a uniform curve. In order to save the weight of fillers, 
stiffener angles are crimped so that they can fit over flange 
angles and plates. This crimping is rapidly and uniformly 
done on the hydraulic press, after the angles have been 
properly heated. 
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Upsetting is necessary to form eyebars or rods having upset 
screw ends. Rods are upset so that, when a screw thread is 
cut in the upset end, the area at the root of the thread will be 
slightly greater than the area of the bar itself, since rupture 
should not occur in the screw end. The threads are cut on the 
rods for nuts, clevises, turnbuckles, and sleeve nuts. Eyebar 
flats are upset to form a round head in which a hole is punched 
and then bored for a pin. This head is made large enough to 
have the section normal to the axis, through the finished pin 
hole, 33 to 40 percent larger than the section of the bar itself. 
After eyebars are forged, they are annealed to remove the initial 
or unequal stress between the head and the body of the bar or 
at the junction of heated andunheated material. Specifications 
require that all eyebars in the same panel, when piled on top 
of each other, must permit the pins at each end to pass through 
the pin holes without forcing. The bars, after annealing, must 
therefore be bored very accurately to standard tapes and at a 
uniform temperature. 

When solid steel floors are required for highway bridge work, 
buckle plates are used. They are also used for lock gates of 
bridge weirs or whenever it is not desirable to use angles to 
stiffen a plate. Buckling is accomplished, without heating the 
plates, by pressing a shallow pyramid into the original flat plate. 
Before buckling, the sides of the plate are parallel ; after buck- 
ling, they are pulled in about ^ an inch opposite the deep part of 
the buckle. But between th^ buckles the plate is its original 
width. If a uniform edge distance must be maintained, wider 
plates should be ordered and resheared after buckling ; but this 
adds to the cost. On account of the distortion of the edges, 
punching must be done after the buckling. 

Some specifications call for sheared plate edges to be planed, 
especially when exceeding a given thickness, or when used in 
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certain members. Planed edges are confined principally lo 
wide plates and gusset or connecting plates of riveted spans. 
The plate is clamped in a flat position; the cutting tool moves 
along the edge to be planed. 

Stiflfener angles of plate girders must all be of the same length, 
especially if they are to bear against flange angles. To secure 
this result and also to have the ends square, they are milled in 
a special machine for this purpose. Furthermore when a piece 
fits tightly into the root of an angle it must clear the fillet. The 
end of the stiffener angle must therefore be rounded off, or cham- 
fered, for bearing ; this is done on two angles, back to back, at 
one operation. 

• Punching and drilling complete the preparation of the material. 
A punched hole is not a cylinder, because one end is the di- 
ameter of the punch and the other is the 
diameter of the die. Tlje punch is always 
smaller than the die, as in Fig. i6. Specifi- 
cations state that they shall not differ by 
more than J inch and that the diameter of 
the punch is not to be more than -^g inch 
greater than the diameter of the rivet. To 
make this a better hole in thick material, 
subpunching was resorted to ; now the 
original hole is \ inch small and reamed 
) size. When several pieces are assembled 
1 each other, they do not have a common 
'''■ "" center line because it is impossible to punch 

exactly on the center punch marks. In such cases, subpunch- 
ing and reaming after assembling correct these irregular holes. 
Heavy structures require heavy sections and a large proportion 
of reamed or drilled holes, thus forcing a lower drilling cost. 
The advent of high speed tool steel helped to bring about a 
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larger proportion of drilling, so that, at the present time, com- 
pleted members are assembled and have their splice connection 
holes drilled from the solid. To secure low cost punching, 
multiple and automatic punching machines are used when there 
are many duplicate parts, as in bridges having several spans of 
the same length, or elevated railroads and viaducts. These 
machines are of the simple type, rack-adjustment type, and the 
complex type which is controlled by a paper templet roll similar 
to a music roll of a mechanical piano player. Holes punched 
on such a machine will match, because the same templet is used 
in all cases to punch the webs, then all flange angles in pairs, 
and finally the cover plates. 

The minimum work done on any piece is cutting, or sawing, 
and punching when the multiple punch is used to eliminate 
templets. The maximum number of operations is six : straighten- 
ing, marking off, cutting or sawing, bending or crimping, milling 
or chamfering, and finally punching or drilling. 

Art. 21. Assembling Material and Riveting. 

The work of assembling and riveting includes the following 
operations: accumulating material ; assembling simple members 
and units of compound members ; reaming after assembling ; 
riveting simple members and compound units ; finally assembling, 
reaming, and riveting compound members, or assembling and 
riveting complete spans. The output of the shop is limited by 
its floor layout, tool equipment, and method of handling the 
work. Shops with high central stories are well adapted to this 
work, because they admit much light and provide a place for the 
operation of several types of cranes. The overhead traveling 
bridge crane consists of two parallel box plate girders mounted 
on trucks. On the girders is operated a trolley for transverse 
shop movements, the trolley being equipped with two or more 
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vertical hoists for light rapid lifts, or slow heavy lifts, of 1 5 to 65 
tons capacity. These cranes are operated by a man in a cab at- 
tached to the crane. Underneath this crane are wall cranes. 
The cantilever wall crane, which is also operated by a man 
on the crane, moves up and down the shop and, at the same 
time, has a trolley moving out on the projecting cantilever arm 
toward the center of the shop. The capacity is 5 to 10 tons and 
the lift is rapid. Other cantilever wall cranes are operated from 
the floor by the particular gang using it The material is deliv- 
ered to the assemblers on narrow gauge trucks and is afterwards 
moved through the shop, by the crane, over the heads of the 
men. Permanent skids, about 18 inches high and properly 
spaced on the floor, serve as assembling benches. Large plate 
girders can be assembled in upright positions, and to prevent 
overturning have their flanges bolted to keel blocks in the floor. 

The accumulation of material is made easier if a storage place 
is provided in the shop for the small material as it is being pre- 
pared and while waiting for that requiring a large number of 
operations. This space should be located in the main shop 
commanded by shop cranes, and may be enlarged by an exten- 
sion on each side of the main shop. These small pieces include 
lattice bars and angles; tie, batten, and pin plates; diaphragm 
plates and angles ; and connection angles. When all the detail 
pieces are prepared, the main material can be started on its 
course through the shop. 

When assembling is begun on any piece, all the material is 
delivered to a gang of assemblers. The surfaces in contact, 
because they will be covered up, are given a coat of the kind of 
paint specified, and the piece is then bolted up tight with suffi- 
cient bolts and drift pins to secure all parts and permit handling. 
Webs, or covers of compound members, are assembled as 
simple pieces. At the same time, the diaphragms or brace 
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frames belonging to them are also assembled. At this time, the 
great advantage of assembling marks will be realized and 
appreciated for securing the rapid assembling of the material to 
conform exactly to the drawing. 

Since the irregular holes of assembled pieces, referred to 
in Art. 20, must be corrected before riveting, reaming is the 
next operation. This part of the shop must be equipped for 
rapid work, so that the riveters will not be compelled to wait for 



material while such a large number of holes must be reamed, 
Multiple reamers are used as well as the single type, an efficient 
form of which feeds the drill by compressed air, instead of screw 
feed, while the drill is operated by an electric motor. Twist 



64 FABRICATION AND ERECTION. ChAP. IV. 

drills without lubricant are now specified, for the work of ream- 
ing. This change proves to be an advantage on account of high 
speed steel being used for the drills. The diameter of the holes 
before reaming is specified \ inch small. Unless the material is 
tightly bolted, chips are forced between the surfaces ; this foreign 
material will prevent rivets from being tight. Figure 17 is an 
illustration of a reaming shop. 

Riveting is rapidly done so far as the actual upsetting of the 
rivet heads is concerned, but a large time element is consumed 
in delivering and removing material and preparation for driving 
rivets. For plate girder work, massive, powerful, hydraulic 
riveters are mounted in the floor of the shop with a pit in which 
the girder is moved to and fro and raised up and down while 
rivets are being driven. Another method is to bring the tools 
to the work. Portable riveters are of the single and double 
toggle type, operated by compressed air, and the hydropneu- 
matic type, which operates by a compressed air cylinder acting 
on an oil cylinder. The single toggle riveter is used for light 
work ; for heavy work, requiring long rivets of large diameter, 
the double toggle exerts a pressure of 60 tens or more. Both 
are very efficient. 

The pieces to be riveted are supported on high or low trestles, 
while the riveters are moved by a wall crane operated by the 
riveting gang from the floor. When not in use the riveter can 
be hung on wall brackets. Heating furnaces, using coal, oil, or 
gas for fuel, are placed near the work, but care must be taken 
not to heat rivets too hot or too long. Rivets are rolled from 
a soft grade of steel, low in sulphur and phosphorus, into rods 
^\ inch less than the nominal diameter of the rivet. These rods 
are upset in a special machine to form a rivet head ; at the 
same time the rivets are cut to required length with sufficient 
material left, in the shank, to form a second head when driven 
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in the shop or field. Plates riveted to beam flanges or channel 
flanges are not parallel to the beveled flanges and therefore 
make riveting troublesome. Unless the holding-on tool of the 
riveter is the exact bevel of the flange, the adjusting screw of 
the snap will be bent. Figure i8 is an illustration of one side 
of a riveting shop. 



Fig. 18. — Side of Riveting Sliop. t 
riveler suspended in foregrouad, toggle ri 
background. 

After webs of compound members, such as box girders and 
compression members with two to four webs, have been riveted, 
they are returned to the assembling shop, and are then put 
together as a whole with diaphragms, covers, and lacing bolted 
on. When drawings call for distances back to back, or limiting 
dimensions, not more or not less, then compression members 
must have their webs placed as accurately as possible. To 
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avoid overrunning or underrunning, wooden blocks of exact 
length are placed between the webs and held securely by bolting 
the webs. The holes are reamed and the rivets are finally 
driven, but in some cases the space is so restricted that hand 
tools must be used for reaming and riveting. Care must be 
used in riveting up all pieces, so that there will be no warp, 
called wind, which is especially liable to occur when there is 
lacing on two or four sides. For convenience in erection, it is 
often advantageous to rivet up in the shop, complete, deck plate 
girder spans, viaduct bents, and turntables. Before the assem- 
bling and the riveting of complicated or unusual sections are 
attempted, a study is made of the different methods of riveting 
for closing up the section. This is necessary in order that the 
greatest number of rivets, or the rivets closing a box section, 
will be driven with the power riveters instead of the hand riveters. 
The order of riveting the component parts therefore fixes the 
order of assembling. 

Art. 22. Finishing and Inspection. 

The work of finishing and inspection requires a definite 
amount of shop space in order to be carried on expeditiously. 
Finishing is concerned with small and large operations and will 
be considered in the following order: final operations other 
than riveting, erecting movable parts, assembling complete 
trusses, and the work done in the auxiliary shop and machine 
shop. Inspection has to do with the shop inspector and the 
foreign inspector. 

The final operations are very elaborate in some cases, but this 
is not the rule with the bulk of the output. Milling or facing is 
necessary to secure an even bearing surface, to provide a finish, 
or to prevent overrun. This work is done on a rotary planer, 
which consists of a rotating disk provided with holes for setting 
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tKe cutting tools, and a table on which to clamp the work. The 
head with its disk can be revolved horizontally to make a cut at 
any angle. This machine is shown in Fig. 19. Floor beams, 



Fig. ig. — Rotary Planer. 

Stringers, chords, and columns are the members most frequently 
faced. Pinholes are bored on special machines, which should 
consist of two boring heads mounted on one base. Since dis- 
tances, center to center, of pinholes can be set and checked on 
the machine, the result is accurate work ; and, with only one 
setting, duplicate members can be made exactly alike. Rolling 
bascule bridges require segmental girders with heavy base 
plates for safe bearing pressures. The webs and the flange 
angles as well as both sides of the base plate are milled to a true 
circumference on a special machine. Stringer and floor-beam 
connection angles, as well as truss connections, are reamed to 
metal templets made of f-inch plates carefully laid out and 
drilled to take a steel thimble for keeping the drill normal to 
the surface. Spliced members are assembled with all splice 
plates in position and have all holes reamed or drilled from 
the solid. Each loose piece is marked by an assumed letter 
or number common to that particular splice. Splice plates 
must be well bolted to prevent loose chips from wedging 
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between plates or angles. Figure 20 is an illustration of a 
finishing shop. 



Fig. 10, — KInijhing Shop. Shoits floor spice lor working will) liand tools and 
rp^ming to tem]>let. portable drilli for splice and conneclion holes, pin-boring machine. 
Riveting sliDp is udjaccnl in background. 

Erecting movable parts is necessary to correct errors which 
would not be discovered until field erection was under way. 
Turntable centers are assembled in the machine shop, where a 
test is made of the number of pounds pulled by a spring balance 
at a given distance from the center of the turntable, sufficient to 
start turning. The complete track, drums, and turning shafts 
of rim-bcaring swing bridge spans are assembled, and the whole 
turned by hand, before shipment is made. All connections are 
reamed, accurate bearing secured for the wheels, errors cor- 
rected, and the whole carefully matchmarked. The center line is 
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scribed on the track plate and the actual diameter should be 
stamped on the face, so that erectors can start with the actual 
diameter, thus securing properly bolted joints. It is not possible 
to get the actual diameter shown on the drawing on account of 
facing, radially, the ends of the large number of segments. 

Heavy riveted trusses are assembled complete, under a crane, 
and all connection holes reamed with large portable reamers. 
Not only are the connections then carefully matchmarked, but 
also a diagram is made to give the erector in the field the marks 
used and their location. The burrs, formed by the drills, are 
removed with a small air burring tool, which makes a fillet of 
about ^ inch on the edge of the hole. An assembled truss is 
shown in Fig, 21. The scale can be determined from the fact 
that the crane is 85 feet, centers of legs, and the truss 157 feet. 



An auxiliary shop can be used to great advantage in c 
tion with the main shop. Heavy work is moved through the 
latter, while the former will take the light work, such as lateral 
bracing, sway bracing, truss work, knee braces, shoes, pedestals. 
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and grillages. It should be equipped with a heating furnace, 
portable and stationary riveters, a portable drill, and a planer. 
The material is delivered from the punch shop on narrow gauge 
trucks, but to facilitate weighing and shipment, the auxiliary 
shop should be close to the finishing end of the main shop. A 
complete machine shop equipment is necessary, not only to keep 
shop tools and machinery in repair, but also to take care of all 
contract work requiring machine finish. Pins, roller nests, and 
shoe castings for girder and truss bridges are finished here, as 
well as complete operating machinery for swing and bascule 
bridges. In connection with the machine shop, a blacksmith 
shop is required to make tools and forgings and do the repair 
work for the shop. Heavy power hammers are indispensable 
for the latter, as well as jib cranes to command the fires or 
heating furnaces. 

Shop inspection applies more particularly to the finished prod- 
uct. The shop inspector, with his assistants, is responsible for 
all work fabricated ; it cannot be shipped until he has approved. 
He must examine the work to see that it conforms to the draw- 
ing, that it is correct in all its limiting dimensions in order that 
errors may be corrected with shop tools instead of causing ex* 
pensive work in the field. 

The purchaser's representative is known as the foreign in- 
spector. He takes care only of that part of the shop's output 
for which he was engaged. He is employed by the purchaser 
or is the representative of an engineering or inspecting firm 
which has contracted to do the inspecting at a given price per 
ton. If the tonnage is not large, he will handle the mill as well 
as the shop inspection. He is not always required to witness 
the rolling of material but, having been notified as soon as test 
specimens are prepared, he must be present when the tests are 
pulled. He accepts material for which the tests have passed 
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the chemical and physical requirements, and examines rolled 
material for surface defects or flaws. When full-size tests are 
made on finished members, such as eyebars, he is also present. 
At the shop he keeps in touch with the handling and punching 
of the material, so that it is not damaged by carelessness. He 
sees that inaccessible parts are painted, that rivets are tight, 
and that the character of the workmanship complies with the 
specifications. He must be sure that sections or thicknesses 
agree with the drawings and that clearances are maintained ; if 
the material is erected by the purchaser, he checks all connec- 
tions and principal dimensions. When satisfied that the finished 
piece is correct, he stamps his private mark on the metal with a 
circle of paint for readily finding the mark. 

Art. 23. Painting and Shipping. 

The material, having been completed in conformity to the 
drawings, can then be painted and is ready for shipment. 
Specifications usually stipulate one coat of shop paint and 
two field coats if erected under contract. All machined sur- 
faces are to be coated with white lead and tallow. In the 
process of manufacture, not only does the material not become 
freed from mill scale, but grease and oil from cranes, reaming 
and riveting machinery adhere to the metal. Chips produced 
by drilling and milling catch in narrow openings and corners, 
or stick to excess assembling paint as it dries. Specifications 
state that all this shall be removed, and also that no paint shall 
be applied to wet surfaces or in freezing weather. The ship- 
ping mark should not be painted on the bare metal but on the 
shop coat when dry. The contract and drawing number are 
also painted with the shipping, or erection, mark to provide 
full identification in the field. Specifications, in giving the 
number of coats of paint to be applied, sometimes state that the 
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paint is to be subject to the approval of the engineer. In bid- 
ding, it is necessary to know whether lead, mineral, or carbon 
paint is to be used, because the first mentioned is the most ex- 
pensive and three coats make quite a factor in the cost. 

Painting is disagreeable work at best and foreign labor is the 
only kind that can be held to it. Constant supervision is neces- 
sary to see that scale, oil, and chips are removed, because 
the workman reasons that if everything is covered with paint 
nothing more could be desired. In painting corners or inside 
spaces of complicated members the painter cannot help but get 
the fresh paint on himself, therefore he will not look closely, 
but reaches in and daubs at corners. 

The primary object of paint is to afford protection for the 
metal and not to be simply a covering. On account of the 
guarantee given by some manufacturers for special brands 
of paint, they furnish an inspector for the painting to see that 
the first application is a preservative coating. He is, therefore, 
very particular to have all foreign material removed, awkward 
or interior corners properly covered, and any slighted surfaces 
corrected so that the paint is not too thick, and the whole cov- 
ering uniform. 

A standard specification calls for the shop coat to be of lin- 
seed oil, and the inaccessible surfaces, which are covered up in 
the field by riveting surfaces together, to be covered with a 
coat of red lead. There is no opportunity to apply the latter 
coat properly in the field. The oil coat, being transparent, al- 
lows any foreign substance to be seen, and it can be removed 
before applying the field paint. The shop coat is often cut 
through or rubbed off in spots during shipment and rusting be- 
gins, especially if considerable time elapses before erection. 
The rust must also be removed properly before applying the 
field coats. The two field coats are generally of different colors, 
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SO that it will be known at all times whether two coats have 
been applied. The records of previous work show how many 
gallons of paint per ton of metal are required for each coat on 
different classes of structures. 

Shipping requires as careful attention as all preceding opera- 
tions. The output of the shop is constant, covers many con- 
tracts, and can be filled by a few heavy pieces or very many 
light-weight pieces. The difficulty of the task can be realized 
when trying to ship in carloads to secure minimum freight rates ; 
to ship by separate contracts ; in definite sequence to meet erec- 
tion requirements ; to save demurrage charges on railroad cars 
while loading ; and to keep the painting shop free from conges- 
tion. Every individual member is weighed before shipment, 
some specifications requiring this to be done before painting, and 
sometimes requiring the inspector to be present at the weighing. 

As soon as material is weighed and loaded, an invoice is 
written giving the mark of each member and its weight. Pay- 
ment for material is based on this scale weight, which must not 
exceed by more than two percent the weight estimated from 
the drawing. This is known as the pound price contract ; but 
there is no limitation in the lump sum contract, for which a defi- 
nite sum is paid irrespective of weight. Inspection is paid for 
on the tonnage rolled and inspected at the mills. This weight 
exceeds the manufactured, or shipped, weight; the difference 
between mill shipments and shop shipments is known as shop 
loss and is due to cutting and machining. This loss ranges from 
three to ten percent and is excessive when over five percent. 

Shipping rules are very explicit, and no car is accepted by a 
railroad company until their inspector is satisfied that the ma- 
terial is properly secured and comes within all clearance lines. 
A quarterly publication called Railway Line Clearances gives 
the M. C. B. Rules Governing Loading and Carrying Structural 
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Material ; Girders ; Turntables ; also Maximum Clearance and 
Weight Tables. These M. C. B. rules, formulated by the Mas- 
ter Car Builders, a cooperative association of the different rail- 
roads, are fully illustrated with sketches showing the manner of 
loading and the size of all material required for that purpose. 
These rules are necessarily stringent, as they are based on 
experience gained from wrecks and car troubles. 

Special requirements develop in the loading, routing, and 
delivery of material. When pieces of unusual size or weight 
result from certain designs or types of structures, outline sketches 
are made and submitted to the railroad authorities. They then 
advise how the material is to be loaded, give the class of car, 
and the necessary clearances to be maintained. When the 
loading is beyond the limits of the equipment, a special car will 
be built, if tonnage warrants, as in the case of Blackwell's Island 
Bridge. If the bulk only is unusual, the railroad company 
designates the special routing by which it is to be consigned. 
The Official Railway Equipment Register, published monthly 
in New York City, gives the classes of cars, numbers, and 
capacities for all railroads. This information is indispensable 
for the routine of shipping. When material must be rushed to 
destination, the tracing of cars is necessary. A man sent to 
follow the shipment keeps in touch with the yardmaster at all 
freight division points or junction points. He must get his car 
or cars placed in a preference freight train, or fast freight ; but, 
should any defect develop in a car, it will be set out of the 
train on the first siding. This siding may be many miles away 
from a yard, with its repair facilities, and so cause delay which 
might have been saved by foresight. A car too heavily loaded 
has had as many as three journal brasses burned out in going 
a distance of two hundred miles, with a consequent danger of 
injuring the axle journal proper. 
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Art. 24. Preparation for Erection. 

When the contract calls for the erection of the structure, as 
well as fabrication, a large amount of additional work is required. 
In preparing for the erection, it is essential to consider every 
element that has to do with this part of the work. The phases 
to be considered are contract requirements, condition at the 
site, plant requirements, office planning, and the building of 
special appliances. Large railroad systems do not have work 
erected by contract, but have it done by their own forces. 
Their renewal of old structures and new construction work 
makes possible continuous and economical erection and so 
justifies full equipment for light and heavy work. 

The contract requirements are very important because of their 
legal status ; a penalty is frequently attached for non-completion 
within a specified time. The time of completion should be 
based on the furnishing of complete information to permit the 
drawings to be finished, the material to be ordered, and the shop 
work to proceed ; it should also be based on the condition of 
the masonry, the most fruitful cause of delay. Structures are 
frequently projected or wanted in such a hurry that the time of 
erection for normal conditions only is assumed. The season 
of the year and flood conditions combined may confine the 
actual time of erection to a short period in which the erection 
must be speeded to reduce the risk. The majority of cases 
now require traffic to be maintained for the railroads using the 
structures ; this practically doubles the trouble and cost of 
erection. Since in the case of navigable streams there is a 
short period in the winter when boat traffic is discontinued, 
freedom from difficulties due to that source is given. Unfavor- 
able conditions may cause delays of a year or more, in which 
case a large amount of raw or finished material may be tied up. 
Provision should therefore be made in the contract for percent- 
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age payments after material is delivered at the shop, after 
fabrication, after delivery at the site, after erection, and finally 
after completion of riveting and painting. 

The condition at the site must be fully known before it is 
possible to plan for erection. In new construction, the masonry 
is very uncertain and generally is completed long after the 
time named when the contract was awarded. Overhead wires 
will often interfere with the placing and the operation of der- 
ricks and thus block economic erection possible at that particular 
site. Material may be picked from cars on the main track, or 
by using the old structure overhead. Falsework may or may 
not be required to carry traffic, or to support the old structure. 
The profile of a stream underneath the bridge may be secured 
from the engineer at the site, or personal examination and meas- 
urements may be necessary to decide the character of the false- 
work. Several trips may be required to keep in touch with 
changing conditions and to locate tracks and sidings for deliver- 
ing and erecting the steel. When the site is at a distance from 
a town or village, arrangements must be made to provide living 
accommodations for the bridgemen. 

The plant requirements divide themselves into temporary 
and permanent. The former can usually be secured locally. 
A building is necessary in which tools can be stored and a 
small office provided. The size of the job often necessitates 
having a small blacksmith shop to keep the tools in repair. 
When the temporary framework requires long timber for the 
traveler and falsework, it usually must come from the mills or a 
previous job instead of being secured locally. The permanent 
plant equipment must not entail too heavy a capital investment. 
The ideal conditions would be to have tools released from one 
job to be used immediately on the next and to have just enough 
so that they would always be in use. Flans are continually 
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made to use, on a particular job, certain hoisting engines and 
other plant equipment as soon as released from a similar preced- 
ing job. The actual conditions are changing so continually, 
however, that no particular plant can be depended on, but 
when the masonry is ready the first available one must be used. 

The office planning is of more importance than was realized 
by erectors several years ago. This is due in great part to the 
fact that traffic must be maintained. It has been a custom to 
send out the erector with a definite number of tools and, when 
he reached the site, the method of erection would be decided 
during the first day. The chief essential to keep in mind is 
rapid erection to avoid loss from water or storm ; it depends 
largely on the position of splices and the weight of material. The 
nature of the connections determine how the structure is to be 
put together and how quickly individual pieces can be released 
from the hoisting tackle. Excessive weight for a few pieces 
should be avoided, and the bulk of the material should be uni- 
formly of a weight consistent with the type of structure, because 
weights of pieces control the size and power of engines and tools. 
For this reason, erection considerations should control the design, 
and should not be hampered by unusual conditions. The second 
essential is low cost erection. These two requirements fix the 
scheme of erection, and it cannot be determined until a careful 
study has been made of the conditions. It is frequently neces- 
sary to develop several schemes and estimate the cost of each in 
order to secure the lowest cost. The whole is subordinate to 
the safety of the men, and the traffic passing the structure, for 
all operations during erection. Complete details are drawn up 
for falsework and travelers, especially for special appliances, 
which should have full instructions provided to render them 
fool proof. For large structures, diagrams are made giving 
the weights to be lifted, number of different diameter rivets to 
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be driven, amount of paint to be applied, points to be watched 
when working close to limits, as well as general instructions on 
the method of procedure. 

It is becoming necessary to prepare erection travelers and 
framework at the shop, especially since steel is used to make the 
appliances which must do the continuous heavy lifting. The 
power tools of the shop, yard cranes for handling, and ample 
yard laying-out space, which usually is not available in the field, 
secure rapid and economical framing. Duplicate operations com- 
pel the building of special appliances to reduce cost of plant and of 
erection. These appliances pay their cost on one erection job if 
there is sufficient duplicate work. Derricks have long been un- 
dergoing standardization in wood and steel ; the same methods are 
now being applied to gallows frames, travelers, cars, and especially 
to the innumerable small tools necessary for the erector. 

Art. 25. Simple Erection. 

Simple erection has to do with light and short structures 
which do not require elaborate or expensive plant equipment. 
Beginning with simple schemes, it develops into larger and 
heavier erection which requires the same type of appliances. It 
can be classified under four heads : crude erection, gin pole 
erection, derrick erection, and gallows frame erection. 

Crude erection might be termed primitive erection and in 
many cases it proves to be ingenious. This must sometimes be 
resorted to when structures arie light or a long freight haul 
makes the charge on power tools prohibitive. As a rule, aver- 
age bulk or weight is not moved through much vertical or linear 
distance and the only tools required are jacks, bars, rollers, and 
hoisting or pulling tackle. Deck plate girder spans can be as- 
sembled and riveted upon the cars used to ship them, jacked up 
to allow the cars to be pulled out from under, and then lowered 
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into position ; or be slid off sfdewise from the cars on a crib- 
work of railroad ties and then jacked down into position. An 
erector caught with insufficient equipment, or in an emergency, 
often develops effective methods which can be applied regularly. 

When many pieces must be lifted, or the height for raising be- 
comes considerable, the gin pole is resorted to. This is simply 
a long pole, or mast, with the bottom rounded and seated on a 
suitable base to distribute its load, while the top is held by guys 
of manilla or wire rope. These guys are fastened to a spider 
attached to the top of the pole ; the free end of the guys is se- 
cured to temporary or permanent anchorages. When the pole 
is moved from one position to another, the bottom is pushed with 
bars or pulled with tackle ; in the meantime it is kept vertical 
by tightening, or taking up, the guys in front and at the same 
time loosening, or slackening out, those in the rear. Gin pole 
erection was the original method used for erecting plate girders ; 
the girder was picked up at its middle and raised or lowered into 
position. In erecting light buildings the pole is moved along the 
sides to erect columns, while roof trusses are being assembled 
flat on the ground and riveted. It finally is moved down the 
center of the building and places the trusses on the columns. 
For small work, a short pole is mounted on a sill forming a long 
base to which it is braced, on each side, by diagonal struts ; 
it leans toward the piece to be lifted and is held at the top by 
one guy or a set of tackle which takes the tension when the 
weight is lifted. Two of the poles erect the columns and a gin 
pole raises trusses when rapid erection is wanted. 

The derrick is a very handy erection tool commanding any 
position within reach of its boom, while the gin pole must be 
moved for every lift it makes. A derrick consists of a vertical 
mast and inclined boom hinged at the bottom of the mast. The 
top of the boom is connected to the top of the mast by a set of 
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tackle ; the load hanging from the top of the boom, by means 
of another set of tackle. The top of the mast may be held in 
position by guys, as in the case of a gin pole ; or by a stiff leg 
and two guys in a plane normal to the stiff leg and mast, but 
extending in opposite directions from the top of the mast; or by 
means of two stiff legs only. The stiff legs are stiff diagonal 
members extending from the top of the mast to the end of a 
horizontal stiff member, called the sill, which ties the bottom of 
the stiff leg to the bottom of the mast. The sills make an angle 
with each other varying from 60 to 90 degrees, while the stiff 
legs are inclined at an angle of about 45 degrees. A derrick 
is therefore known as a guy derrick, combination derrick, or stiff 
leg derrick. A hoisting engine furnishes the power for operat- 
ing the derrick. In the case of a large bridge or many spans, 
one or more derricks are necessary to unload the material for 
storage until required in the erection. For erection purposes, a 
derrick is set up near the abutment of a bridge and picks its 
load from the main track or adjoining track and places it in 
position. Deck plate girder spans riveted up complete are 
handled in this manner, as well as heavy single deck or through 
plate girders. The derrick is especially handy for placing the 
numerous pieces of the floor system and bracing of the through 
span. When there are several adjacent girder spans, the der- 
rick can be moved out on top of a girder, the sill and stiff leg 
being in the same plane as the girder ; the mast is held by guys 
up and down stream. The girders to be erected are then picked 
up from the span on which the derrick rests and moved forward 
into position by letting out, or lowering, the boom ; the rear end 
of the sill having been clamped to the girder on which it rests 
and which serves as counterweight. When traffic is to be main- 
tained, overhead truss spans are used to swing new deck plate 
girder spans into position, and the derrick on the abutment re- 
moves the old truss. In the case of deck or through riveted 
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truss spans, the bottom chord and floor system are erected on 
falsework support. The web members are then bolted to the 
bottom chord and finally the top chord is lifted into position and 
the top lateral bracing is put in place. If traffic is to be main- 
tained, there should be a derrick at each end of the bridge, for 
rapid work when placing the floor, particularly for long spans. 
A pin-connected truss is hard to erect with derrick only, because 
all members are not stiff and also because of the number of 
pieces to be supported until the pins are driven. 



Klg. 33, — Riveted Truss Span Ereclion. Shows gallows Iratne principle and sliding 
old span sidewlse. Iraliic beine malnlalned. Lehigh & New England R. R. btidgE over 
Delaware river at Portland. Pa. 

For lifting only, when no backward or forward movement of 
consequence is required, the gallows frame is very suitable. 
This consists of two vertical posts surmounted by a cap com- 
posed of two timbers placed edge up having a space of about 
six inches between. Through this opening hang the chains or 
rope lashing for holding the tackle blocks. The cap projects 
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beyond the tops of the legs so that diagonal braces may tie the 
end of the cap to the bottom of the leg. Such a frame is placed 
on the masonry, at each end of a span, high and wide enough 
to clear traffic, and is well braced parallel to the tracks. When 
a deck plate girder span is to be replaced, the new span is lifted 
from the cars by a set of tackle at each of the four corners and 
the cars moved from under the span. The rails are pulled 
ahead on the track, old ties are thrown below, and old bracing 
dropped from between the old girders which have been moved 
sidewise away from the track and braced by shores. When the 
new span with the new ties on top is lowered into place and the 
rails have been replaced, traffic can again be resumed. All this 
work must be done during the longest interval between passenger 
trains. The old girders are then picked up by the gallows frame 
and loaded on cars. This method has also been used for deck 
truss riveted spans, but the truss spans had to be moved side- 
wise to clear the new trusses. See Fig. 22. 

Art. 26. Derrick Car Erection. 

A large item of erection expense is the handling and trans- 
portation of plant, and the time consumed in the erection and 
removal of temporary lifting appliances. This is largely over- 
come by the use of the derrick car, an ideal erection tool, 
especially when weights are not excessive and structures are 
properly detailed as to splice locations. This article will there- 
fore treat of movable derricks in the following order : derrick 
cars, derrick car erection of plate girder spans, riveted truss 
spans, pin-connected spans, and viaducts, as well as the use of 
locomotive cranes, wrecking cranes, and lighters. 

A derrick car is essentially a flat car with a derrick and 
engine mounted on it. The mast, or A-frame, and boom are at 
the front end of the car; they are braced to the rear end with 
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tension ties or stiff legs. The body of the car serves as a 
sill. At the rear end of the car is placed the boiler and engine 
to furnish power for lifting and for propelling the car by direct 
gearing or chain drive. A separate propelling engine gives 
more effective control. The mast of a car derrick must be short 
to clear overhead obstructions and to keep the car's center of 
gravity as low as possible. Because of this low mast, the stress 
in the derrick members is practically double that of the normal 
derrick. The requirements of a derrick car are that it should 
be self-propelling, thus being independent of costly locomotive 
service charges ; that it should have a capacity to lift the long 
and heavy plate girders used by the railroad companies ; that it 
may be quickly set up in working order and rapidly dismantled 
for shipment to another job ; that it have ample coal and water 
capacity arranged for effective counterweight ; that it should 
have quickly adjustable devices for blocking and anchoring the 
car against overturning ; lastly, that it have auxiliary devices for 
controlling main booms and side booms. Special derrick cars, 
of which some have been protected by patents, have been built 
by bridge companies, construction companies, and railroad com- 
panies. The Mitchell car is the pioneer of the elaborate steel 
derrick cars. Sketches are given on patent drawing No. 8 1 7 862. 
This car has a central compartment into which the full-length 
boom slides on the floor of the car and under the engine at the 
rear, raised to clear the boom. Illustrations are shown in 
Engineering Record, Aug. 25, 1906, page 218, and Dec. 4, 1909, 
page 629. The Terry and Tench car is patented ; the boom 
folds up like a knife blade by a hinge at the middle. A short 
illustrated description is given in Engineering Record, June 29, 
1907* page 759- The C. M. & St. P. Ry. derrick cars are fully 
described in Engineering News, June 24, 1909, page 6^^, The 
Boston & Maine R. R. car is described in Engineering Record, 
Feb. 27, 1909, page 239; this is also the car of the Boston 
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Bridge Works- Special steel cars have been designed by The 
Pennsylvania Steel Company, Bridge and Construction Depart- 
ment, and The Phoenix Bridge Company. In Engineering Rec- 
ord of April 17, 1909, page 517, seven types of derrick cars 
are shown in the illustrations. 

It is readily seen that the derrick car has an advantage over a 
stationary derrick set up at the abutment of a bridge. The 



Fig. a3. — Plale Girder Ereciion. Complete span is p 
iliary gallows iramc. No falsework is used, and (raffic is 
Englnnd R. R. bridge over Leliigli river a( Slalington. Pa. 

girders and other members can be picked up near the site and 
moved out to place ; thus there is saved the unloading or double 
handling, if picked directly from the railroad cars. Plate girder 
spans are quickly erected, especially the deck type. The single 
girders and the cross frames are placed with a derrick car, while 
the lateral bracing is put in by hand ; a span riveted up complete 
is placed in one operation, if the weight is not too great (see 
Fig. 23). Through plate girder spans furnish more lifts as 
panel by panel the floor beams and stringers are rapidly con- 
nected up. Sometimes the floor system is placed first, on false- 
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work, when traffic is to be maintained; then the girders are 
placed and bolted to the floor beam as a last operation, after 
which the falsework can be released. Figure 23 shows a com- 
bination of derrick car and gallows frame erection. 

Riveted truss spans have supplanted pin-connected truss 
spans for short lengths. Falsework is necessary to support 
them until the last truss member is placed ; this is true whether 
traffic must be maintained or not. The shoes and first bottom 
chord section are placed at one end and the floor filled in ; the 
end post and web members are bolted to the bottom chord gus- 
set plates, or connection plates ; and then the top chord, portal 
strut, and top lateral bracing complete this braced section. 
The second bottom chord section with truss follows, and other 
sections until the span is erected. If traffic is to be maintained, 
it is desirable to erect the complete floor and bottom chord, 
properly supported for camber, and then the complete overhead 
work. This use of the new metal floor eliminates the substantial 
metal or timber falsework stringers which would otherwise be 
required to carry traffic. 

Pin-connected trusses are used almost entirely for long span 
bridges, and in those cases are erected most economically with 
a traveler. Compared with a riveted span, there are many more 
separate pieces, such as the pin and numerous eyebars at each 
connection point, which must be held temporarily while the 
boom lifts the main member or top chord section. The entire 
floor and bottom chord eyebars are placed first, and when the 
posts have been bolted to the floor beams, the bottom chord pins 
can be driven while the boom holds the diagonal eyebars. The 
end post and top chord are placed, the top pins driven, and the 
top lateral system closed up. When the spans are short, the 
erection is so rapid that the derrick car picks the material from 
the cars on which shipment was made ; while for long spans the 
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derrick car can replace the yard derrick, unload and distribute 
material over a large space to better advantage for erection. 

The derrick car is best suited for viaduct erection, next to 
plate girder erection ; it is particularly efficient in unloading and 
sorting the large number of pieces required for main members 
and bracing. Beginning at the abutment, it erects the first 
bent or braced tower and places the girder span. If the main 
span is too long for the boom to reach across, a splice section is 
added to the boom, or a gaff attached to the forward end. The 
car then moves forward to erect units of tower, main span, and 
tower span. If the tower is high or main span unusually long, 
the bottom section of the braced tower is erected. Then the 
near bent is completed to the top, so that the main span can be 
placed and the car move ahead so that the tower may next be 
completed and the tower span placed. 

The development of the locomotive crane, now being used to 
an increasing extent as an erection tool, results from its use as 
a portable derrick in industrial plants. Its advantage lies in 
the fact that it can lift full capacity for the entire circular area 
within reach of its boom ; on the other hand, the derrick car must 
be blocked or anchored for lifting lo to 20 degrees to the side, 
thus becoming stationary. The locomotive crane is practically a 
light capacity, light weight derrick car and can be used at a dis- 
tance from regular railroad tracks. On light building work it 
is able to do very rapid work, due to the light weights and its 
speed when making lifts. A record in erection was made on 
the Chelsea Piers in New York City, as noted with illustrations 
in Engineering News, Jan. 14, 1909, page 29, when two loco- 
motive cranes were used, one on each side of the pier, erecting 
columns and girders and both together raising the roof trusses. 

Frequently weights of girders are beyond the capacity of 
derrick cars, or the erectors do not have the latter. In those 
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cases the railroad wrecking cranes, capable of lifting 50 to 100 
tons, are pressed into service; but they have the disadvantage 
of being taken away at any moment for use at wrecks. The 



Fig. 24. — Viaduct Ereclion. 
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short booms limit their reach, so that two cranes are used, one 
at each end, when lifting the long heavy girders. If only one 
crane is available, the additional lift is made by a derrick car, 
derrick, or gallows frame. Another valuable erection appliance 
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is the lighter, or floating, derrick, used in the harbors of large 
cities and capable of being floated to a seacoast inlet. These 
floating derricks can pick loads from 75 to 2CX) tons; their long 
booms provide a reach that commands an entire bridge site. 
They are independent of the condition of the approaches and 
need not wait for tracks because material can be floated to the 
place required. For plate girder work, especially when there are 
many adjacent spans, they secure low cost erection. 

Art. 27. Falsework. 

Long and heavy spans require elaborate temporary falsework 
and plant equipment for their erection. Supporting falsework 
must be used under the structure ; movable framework, called 
the traveler, overhead. The development of the traveler and 
its use in rapid bridge erection is due to the American pin-con- 
nected truss span. The original solid front of falsework has 
given way to a framework with openings to secure the least 
obstruction to passage through or underneath. Falsework will 
be treated under three heads: falsework conditions with and 
without traffic to maintain, types of falsework, and falsework in 
deep water. The travelers naturally group themselves under 
three heads: gantry travelers, projecting travelers, and tower 
travelers for mill buildings. Travelers and falsework in steel 
will be considered finally. 

Falsework is used to carry the weight of the new metal 
structure until it is made self-supporting by completing the last 
truss connection. On top of the falsework a runway of 
stringers is provided to carry the weight of the moving traveler 
to the bents, close to which the traveler legs must stand when 
lifting is being done. Falsework can therefore be comparatively 
light when there is no traffic to maintain, because the load is 
static. Modern heavy train loads require heavy falsework to 
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maintain the traffic during erection ; they, however, move across 
the span at greatly reduced speed. The expense of the false- 
work is chargeable to the new span and should therefore be 
kept as low as possible. For deck spans, an extra story of 
falsework, called top falsework, must be added when traffic is 
maintained. It is built between the trusses and extends from 
the top chord, where it carries the track, to the main falsework 
underneath the bottom chord. 

The falsework unit is the bent. It consists of two horizontal 
pieces, two inclined legs, and a varying number of vertical legs 
dependent on width of bridge and traffic conditions. The top 
horizontal piece is called the cap, the bottom is called the sill, 
and the minimum number of legs is four. The bent is thoroughly 
braced by planks, one on each side, running in opposite directions 
between diagonally opposite corners, this bracing being called 
X-bracing. The bents are spaced so as to form panels of equal 
length between the abutments or piers ; there is a bent close to 
the masonry at each end to serve as a stringer support. On 
top of the falsework, stringers extend over the full length of the 
span and are bolted to the caps of the falsework. These 
stringers are placed underneath the new or old truss to serve 
as support for blocking or jacks ; the others serve to carry the 
material track and also the traveler track. A second line of 
longitudinal struts extends full length of the span, butting 
against the masonry at each end close to the water surface. 
Two bents are braced longitudinally with X-bracing to form 
a braced tower with one or more panels between, in which the 
bracing has been omitted. When spans are long and high 
above water, the bents must be made wide at the base to give 
stability against lateral overturning. The bents are built in 
stories and braced as such, when the height requires, with a line 
of longitudinal struts at each story. The amount of material 



86d fabrication and erection. Chap. IV. 

finally becomes excessive, as can be seen at the Rondout Viaduct 
shown in Engineering Record, April 7, 1906, page 440. A false- 
work bent is designed for a full panel load plus 50 percent excess, 
25 percent from each adjacent panel, due to unequal settlement 
or from the jacking when it is resorted to. The compression 
at each joint is found to be \ inch, due to irregular sawing 
and to end fibres of legs crushing into cross fibres of cap or 
sill. The load that can be applied on each leg is therefore 
limited by the crushing strength per square inch, across the 
grain of the wood of the cap or sill. Loads are sometimes 
heavy enough to require double bents. 

Falsework in deep water is a difficult and dangerous propo- 
sition with which to deal. Piles must be generally driven to 
secure proper foundation for the falsework bents. To estimate 
the number of piles required, a frictional resistance per square 
foot of pile surface is assumed at 100 pounds for alluvial or 
semifluid bottom, 200 pounds for compact silt, and 300 to 500 
pounds for sand to sand-gravel bottom. ♦ The piles for erection 
use are loaded from 10 to 40 tons, and the penetration should 
be 40 feet in semifluid to 10 feet in good sand bottom. It is 
advisable to have a double thick cap on the pile bents to properly 
distribute the load. Pile bents are usually braced transversely 
above the water surface only ; failure has resulted from the 
long unbraced section in deep water or from the bottom's being 
scoured away and producing this condition. Even when false- 
work is strong enough for the superimposed load, there is 
danger of drift lodging against it and causing a wreck in time 
of high water by scouring the bottom or liftmg or floating the 
falsework. In order to eliminate this danger it is becoming* 
customary to use one or more temporary girder or truss spans, 
just above the water surface or close to the metal work, seated 
on temporary falsework towers. 
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Art. 28. Travelers. 

The most familar type of traveler is the gantry traveler. It 
consists of two framed bents straddling the structure, braced 
together longitudinally. Since for long spans the traveler must 
be high, it is therefore built of three bents thoroughly braced, 
with a platform at the base for carrying hoisting engines. For 
smaller spans, the engine is kept on shore, — the lead lines to 
the tackles are supported at intervals on projecting timber arms 
on the span. The traveler is equipped with a full set of tackle 
to do all necessary lifting for the erection of the given span. 
In the case of two bent travelers, for single and double track 
spans, the loads lifted range from 7 to 12 tons, the weight of 
the traveler ranges from 35000 to 80000 pounds and contains 
from 8500 to 19500 B. M of lumber. Photographs of early 
erection work show a scaffold, or framework, for the full length 
of the span, resting on the falsework. The truss was erected 
from this framework; the tackle was shifted from point to point 
as it was required. To reduce this time and cost, the traveler 
was evolved, and thus the framework and tackle might be quickly 
shifted to the point where needed. With the movable traveler 
the work of erection begins at the fixed end of the span. The 
shoes are placed on the intersection of the pin and truss center 
lines furnished by the railroad company's engineer. The chords 
are lined out or assembled; the traveler moves along and places 
the members until the expansion end is reached; the trav- 
eler is returned to midspan and erects the middle panel or pan- 
els of each truss with their transverse and top lateral bracing 
to complete a braced section. The traveler is moved toward 
the fixed end to complete that part of the bridge and, returning 
to the expansion end, completes the bridge. Whenever the trav- 
eler is moved, it must be wedged up under its legs to transfer 
the loads, when lifting, directly to the falsework instead of 
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through the sill and traveler wheels. The trusses of pin-con- 
nected bridges are so designed that the bottom chord is on the 
circumference of a large circle instead of a level line; This 
camber must then be provided for in the falsework by means of 
blocking at the panel points of the truss; the highest at mid- 
stream, dropping off gradually to nothing at the ends. The fore- 



man guesses the amount of settlement of the foundation or piles 
and provides for the compression in the falsework. If his as- 
sumption is correct, the last connection can be easily closed with 
the pin ; otherw ise the truss must be raised or lowered with jacks 
until the chords are in the proper arc. 

When bridges are erected by the cantilever method without 
supporting falsework underneath, a projecting or overhanging 
traveler is used. This type varies for each structure, while the 
gantry traveler is standard in two-bent and three-bent travelers. 
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The simplest type is a gantry frame straddling the track on 
which material on cars is moved forward ; on top of this frame 
is placed one or two derrick booms, and at the rear is mounted 
the engine. For viaduct erection the overhang traveler has been 
most frequently used. It consists of an arm projecting forward 
from the gantry frame from which tackle is hung for lifting, or 
it is equipped with a trolley runway to move the load instead of 
fleeting it forward with the tackle. This arm is often extended 
in the rear to counterbalance the forward arm. By referring to 
an article on the Different Methods of erecting Steel Viaducts, 
in Engineering Record, April 2, 1910, page 429, the many illus- 
trations will show the variations in this type of erection traveler. 
Another type of traveler has also been developed to move along 
the curved top chord eyebars of a cantilever arm. The same 
principle is used in erecting truss bascule bridges in an -open, •. 
or raised, position. In the latter case, it'cliiflbs up the back or 
top chord, by panels, until the top or end panel has been erected. 
The ordinary derrick cannot reach the hundred, onmore, feet 
necessary for lifting the end pieces. This traveler is simply 
derrick equipment attached to a sloping triangular base and is 
called an overhead traveler. In the erection of the towers of 
the Manhattan Bridge in New Vork City, the* derricks with 
their supporting buse climbed up the tower vertically. 

The tower traveler, based on the necessity for having a der- 
rick which is freely movable, is elevated above the ground to 
make high lifts, and is able to cover a wide space with the use of 
several booms. The tower is well braced, one to three stories 
high, mounted on wheels to run on a trackway ; it has two for- 
ward booms at the top and frequently two booms in the rear at 
the bottom floor elevation. The engine and tools are carried on 
this lower floor. Its use is most advantageous in the case of 
long or rectangular buildings known as mill buildings. The 
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traveler, moving along to place the columns, wall girders, struts, 
roof trusses, top bracing, and purlins in this order, panel by 
panel, completes the frame as it goes. This is done rapidly 
and economically, especially when an even ground surface 
necessitates little blocking for the runway. Very heavy work 
has been done by this method in the erection of buildings for an 
open hearth steel plant. 

Steel falsework travelers and erection tools become more 
necessary as long heavy timber becomes scarce and weights of 
structures increase. Gin poles and derricks, standardized as to 
size and capacity, are built of structural steel. Steel wire rope, 
instead of manilla rope, is used for operating, while the motive 
power is rapidly changing to the electric hoist. Even the old 
style hand crab is built of steel for heavy work. Gallows frames 
and traveler bents now have their top trusses or caps made of 
steel adjustable to varying conditions. Special travelers for 
viaduct erection are usually built of steel. Rolled beams are 
used for the deck of falsework which is also made of steel for 
very heavy work. In the case of the Cornwall Bridge, Ontario, 
Canada, steel falsework had to be used because it was impossible 
to place and hold down timber legs in the deep, swift current. 
When permanent steel work, such as plate girder approach 
spans, are used as a temporary support over waterways and 
roadways, much falsework is saved, and the risk from floating 
driftwood is lessened. In viaducts it is possible to use parts of 
towers and girder spans to support trusses spanning the deep 
part of the ravine section. In other words, timber and the 
expense of framing are saved wherever possible by using new 
steel or borrowed permanent steel for temporary support. 
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CHAPTER V. 

TABLES AND STANDARDS. 

Art. 29. Manufacturers' Handbooks. 

The student of bridge design will find it absolutely necessary 
to have at hand one of the handbooks issued by the manufac- 
turers of structural materials. There are a number of these, the 
best known being those popularly called the Phoenix, Carnegie, 
Pencoyd, Jones and Laughlins, Passaic, and the Cambria hand- 
books. The titles of these books are as follows : Useful Infor- 
mation for Architects, Engineers, etc., issued by the Phoenix 
Iron Works, Phoenixville, Pa. ; Pocket Companion, issued by the 
Carnegie Steel Company, Pittsburg, Pa. ; Steel in Construction, 
edited by James Christie, and issued by A. and P. Roberts Com- 
pany, Philadelphia, and the American Bridge Company, New 
York ; Standard Steel Construction, issued by Jones and Laugh- 
lins, Limited, Pittsburg, Pa. ; Structural Steel and Iron, edited by 
G. H. Blakeley, and issued by the Passaic Rolling Mill Company, 
Paterson, N. J. ; Cambria Steel, issued by the Cambria Steel Com- 
pany, Johnstown, Pa., and Structural Steel, edited by G. H. 
Blakeley, and issued by the Bethlehem Steel Company, South 
Bethlehem, Pa. The Pencoyd, Cambria, Bethlehem, and Car- 
negie handbooks are the most complete and in general use for 
work in bridge design. The Passaic and the Jones and Laugh- 
lins handbooks are mainly adapted for the design of steel 
buildings, but are also used in bridge design. 

The handbooks contain full tables of all the market shapes 
of steel manufactured by the respective firms, stating weights, 
areas of sections, positions of centers of gravity, moments of 
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inertia, radii of gyration, and other constants. Tables are 
also given for the shearing and bearing values of rivets, the 
bearing values of pin plates, the resisting moments of pins, 
standard bolts, eye-bars, bridge pins, and other details, as well 
as for the weight and strength of materials used in bridge and 
building construction. The necessary computations in bridge 
design may be greatly shortened by the use of these tables. In 
the following pages a few tables are presented which are more 
complete than those in the handbooks. 

In order to obtain uniformity in the work done at its various 
plants, the American Bridge Company issued, in 1901, a book 
entitled Standards for Structural Details. It contains a num- 
ber of tables similar to those in the handbooks as well as some 
new ones, together with details relating to the use of corrugated 
steel for roofing and siding, and of standard doors and windows. 
The rules for making shop drawings are referred to in Art. 17, 
and some of them are reprinted. 

Osborn's Tables of Moments of Inertia and Squares of the 
Radii of Gyration economize time in designing the struts in 
lateral and sway bracing, and the posts and upper chords of 
trusses. Buchanan's, Smoley*s, or Hall's Tables of Squares 
are useful in finding the lengths of diagonal members. 

Art. 30. General Specifications. 

A number of general specifications for steel railroad bridges 
and viaducts have been prepared by consulting engineers, and 
are published for general use, including those of Cooper, 
Waddell, The Osborn Company, Thacher, Bouscaren, Sea- 
man, and ScHAUB. Cooper's Specifications have been in use for 
many years, and probably more bridges have been built in 
accordance with them than with any other set. Waddells 
Specifications are much more elaborate and explicit than the 
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Others, and are particularly serviceable to students, since they 
embody recommendations based on experience in regard to a con- 
siderable number of details whose determination is not wholly 
subject to theory and to which no reference is usually made. 

Many of the leading railroads have their own standard 
specifications, the most noted being those of the Pennsylvania, 
New York Central Lines, Baltimore and Ohio, Norfolk and 
Western, Harriman Lines, Rock Island Lines, Kansas City, 
Mexico and Orient, and Western Pacific railroads. 

The first edition of the General Specifications for Steel Railway 
Bridges adopted by the American Railway Engineering Asso- 
ciation was issued in 1906, and revised in 1910. They are gradu- 
ally being adopted by railroads throughout the country as their 
standard. 

These specifications usually indicate the types of bridges for 
different spans, the clearance required for the trains, the char- 
acter of the wooden floor, the dead, live, wind, aild traction 
loads, allowance for impact and vibration (in some cases), and 
the safe unit stresses. They also give the general limits in 
designing, including the minimum thickness of material and 
sizes of shapes, the general principles in designing structures, 
the details of riveting, the details of design and construction 
of beam, plate girder, riveted girder, and pin-connected spans, 
as well as of viaducts, the quality of material and workmanship, 
inspection, painting, erection, and final test. 

A study of the provisions of the specifications adopted for 
any given design is a necessary preliminary to the computations 
and drawing involved in making the design. It will greatly 
facilitate the student's work to be provided with an index 
referring to the various paragraphs to be consulted in designing 
the different parts of the bridge, so that all of them may be 
duly considered at the proper time. 
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A comparison of the specifications referred to above will 
show to the student marked differences in the allowable unit 
stresses prescribed. One of the principal reasons for this lies 
in the fact that some make the allowances for impact and 
vibration by increasing the live load stresses by a percentage, 
which may be either fixed or variable, while in others these 
allowances are made by modifying the safe unit stresses. The 
differences relating to many other details of design and con- 
struction will be referred to in connection with the designs in 
Chapters VII and IX. 

General specifications for steel highway bridges have also 
been prepared by the first four consulting engineers mentioned 
at the beginning of this article, those of Waddell and Cooper 
having been very extensively employed. Many of the manu- 
facturers of bridges also issue such specifications, those of the 
American Bridge Company being the most complete of that 
class. Some of the standard specifications for railroad bridges 
adopted by the railroads also contain provisions relating to 
highway bridges, as well as to roofs and buildings. Fowler's 
general specifications relate exclusively to steel roofs and 
buildings. 

Most of the specifications for railroad and highway bridges 
contain an appendix consisting of tables of maximum moments 
and shears, coefficients of impact, equivalent uniform loads, 
permissible unit stresses for columns, and other useful data. 

The 1902 specifications of the New York Central and Hudson 
River Railroad contained plates showing standard details for 
beam, plate girder, and riveted truss bridges. Those relating to 
plate girders are reproduced in Figs. 43, 44, 46, and 56, and 
those for riveted bridges are given on Plate VII. 

The following references contain important discussions of 
bridge specifications : 
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Working Stresses for Railroad Bridges. Editorial. Railroad 
Gazette, vol. 30, page 797, Nov. 4, 1898. 

The Launhardt Formula, and Railroad Bridge Specifications. 
By Henry B. Seaman. Transactions American Society of Civil 
Engineers, vol. 41, page 140, June, 1899. 

The Determination of the Safe Working Stress for Railway 
Bridges of Wrought Iron and Steel. By E. Herbert Stone. 
Trans. Am. Soc. C. E., vol. 41, page 467, June, 1899. 

Proposed Specifications for Steel Railway Bridges. By 
J. W. ScHAUB. Journal Western Society of Engineers, vol. 5, 
page 347, Oct., 1900. 

Notes on Specifications for Bridge and Structural Steel. By 
P. S. Hildreth. Railroad Gazette, vol. 33, p. 5x7, July 19, 1901. 

Highway Bridge Design and Construction. Editorial En- 
gineering Record, vol. 44, page 217, Sept 7, 1901. 

On Specifications for the Strength of Iron Bridges. By 
Joseph M. Wilson. Trans. Am. Soc. C. E., vol. 15, page 389, 
June, 1886. Although the specifications given in this paper 
have been superseded by later ones, the discussion still contains 
much useful material for the student. 

The following articles also contain the results of tests and 
discussions relating to safe unit stresses : 

What is the Life of an Iron Railroad Bridge.^ By J. E. 
Greiner. Trans. Am. Soc. C. E., vol. 34, page 294, Oct., 1895. 

The Condition of Steel in Bridge Pins. By A. C. Cunning- 
ham, Trans. Am. Soc. C. E., vol. 36, page 91, Dec, 1896. 

The following reference gives the revised specifications for 
structural steel adopted by the American Section of the Inter- 
national Association of Testing Materials : Proposed Standard 
Specifications for Steel for Bridges, Ships, Forgings, etc. En- 
gineering News, vol. 46, page 11, July 4, 1901. 
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Art. 31. Live Loads for Highway Bridges. 

The specifications referred to in Art. 30 give the loads to be 
used in designing bridge structures which shall have sufficient 
strength under the various conditions indicated. Such loads, 
of course, are supposed to closely represent the maximum 
weights to which the structure is liable. 

The extensive use of road rollers, traction engines, electric 
cars, and other vehicles carrying heavy loads, requires the speci- 
fication of concentrated loads in designing highway bridges in 
addition to the uniformly distributed loads, which are supposed 
to represent the weight of a crowd of people. 

According to the specifications of the American Bridge Com- 
pany, highway bridges are divided into six classes, viz. : 

Class A. — For city traffic. 

Class B. — For suburban or interurban traffic with heavy 

electric cars. 

Class C. — For country roads with light electric cars or heavy 

highway traffic. 

Class D. — For country roads with ordinary highway traffic. 

Class E I. — For heavy electric street railways only. 

Class E 2. — For light electric street railways only. 

In designing the floor and its supports, a concentrated live 
load on two axles, 10 feet between centers, of 5 feet gauge, and 
assumed to occupy a width of 12 feet, is to be placed on each 
street car track, this load being 24 tons for classes A and 
B, and 18 tons for class C; or a concentrated load having the 
same distribution, width and gauge, is to be placed on any part of 
the roadway, the load being 24 tons for class A, and 12 tons for 
classes B and C. Upon the remaining portion of the floor, 
including sidewalks, there is to be placed a uniformly distrib- 
uted load of 100 pounds per square foot for classes A, B, and C. 
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For the floor and its supports of class D, the load shall be either 
a concentrated load of 6 tons distributed as for the other classes, 
or 80 pounds per square foot of total floor surface. 

In designing the trusses for spans up to 100 feet, the live 
load per linear foot of car track and assumed to occupy a width 
of 12 feet, is to be 1800 pounds for classes A and B, and 1200 
pounds for class C, while that upon the remaining floor surface 
is to be 100 pounds per square foot for class A, and 80 pounds 
per square foot for classes B and C. For spans of 200 feet or 
more the load per linear foot of track is 1200 pounds for classes 
A and B, and 1000 pounds for class C, while the load on the 
remaining floor surface is 80 pounds per square foot for class A, 
and 60 pounds per square foot for classes B and C. For the 
trusses of class D the live load is 80 pounds per square foot of 
total floor surface for spans up to 75 feet, and 55 pounds for 
spans of 200 feet and over. For intermediate spans the loads 
are in all cases to be reduced proportionally from the higher to 
the lower values. 

The bridges of class E i are designed for those loads which 
relate to the car tracks only in class A or B, while the bridges 
of class E 2 are designed for the corresponding loads in class C. 

This classification of highway bridges and the corresponding 
live loads are substantially the same as those in Cooper's speci- 
fications, which were published a few months before. 

The loads specified by Waddell differ considerably from 
the above. The concentrated loads are distributed to three 
wheels in the case of the road roller, and to four wheels in the 
other cases. The weights and spacing of wheels are given for 
several classes of electric cars, together with the equivalent uni- 
form loads. The uniformly distributed load is determined by 
means of a diagram, the length of the load on the span being 
considered, which causes the maximum stress in any given mem- 
ber of the truss or floor. In the case of bridges with exterior 
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sidewalks it is also stated what portion of the roadway and side- 
walks shall be loaded for finding the stresses in the trusses and 
the floor beams. 

Art. 32. Live Loads for Railroad Bridges. 

The General Specifications for Steel Railway Bridges of the 
American Railway Engineering Association, which are gradu- 
ally replacing the specifications formerly adopted by individual 
railroad systems, give a live load, for each track, of two typical 
consolidation locomotives followed by a uniform load, according 
to Cooper's series. The loads and spacing for Cooper's class 

Ci8 55 q: ^i ^; O! SI Oj O! g; 51 51 fe; Q{ ci! QJ ^^ Q' 
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E 50 are shown in Fig. 26. The spacing is the same for all 
classes, and the loads on the axles, expressed in pounds, are 
arranged so that the corresponding loads of any two classes 
have the same ratio as their class numbers. For example, the 
loads of class E 60 are six-fifths of those of class E 50. Any 
stresses, bending moments, or shears, due to these loadings are 
therefore proportional to their class numbers. 

The same specifications give alternative loads on two axles, 
seven feet apart, to represent the heavier drivers of passenger 
locomotives, and are to be used when they cause greater stresses 
than the loads on the driver axles of the typical consolidation 
locomotive. This will occur in beam bridges of very short span 
and in the floor system and sub- verticals of truss bridges whose 
panels are unusually short. Each of the alternative loads is 25 
percent heavier than the corresponding axle load on drivers. 
In Cooper's specifications of 1906, however, the alternative loads 
are given as 50 000 pounds on each of the two axles, six feet 
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apart, for class E40 or less, and 60000 pounds each for all 
classes above E 40. 

Waddell*s compromise standard, class Q, is shown in Fig. 27. 
The other classes are designated as R, S, T, etc., the spacing 
remaining the same. The axle loads for each class are derived 
from those of the preceding class by subtracting the constant 
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difference of looo pounds for the pilot axle and each tender 
axle, 3000 pounds for each driving axle, and 200 pounds for the 
uniform load per linear foot. The alternative loads for class Q 
are 58 000 pounds each on two axles only, seven feet apart, and 
2000 pounds are subtracted from each load for each succeeding 
class in the series. 

The locomotive loads adopted for designing bridges in the 
United States from 1886 to 1903, together with an estimate of 
what increase, if any, may be expected in the future, were given 
in a paper on * Live Loads for Railroad Bridges,* presented at 
the International Engineering Congress at St. Louis, in Octo- 
ber, 1904, by Henry W. Hodge, and published in the Trans- 
actions of the American Society of Civil Engineers, 1905, vol. 
54, part A, page 79. The paper is followed by discussions on 
pages 87 to 109, which include diagrams of bending moments, 
shears, and equivalent uniform loads, for a number of different 
loadings, and for spans up to 200 feet. See also various refer- 
ences relating to this subject given in Part I, Art. 40. 

With the aid of such diagrams of moments and shears, each 
type of locomotive in use on a railroad system may be evaluated 
in terms of Cooper's series, and the live load capacity of every 
bridge may be expressed in similar terms. 
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Art. 33. Rivet Proportions. 

The rivet proportions given in the following table are the 
Pencoyd standard adopted by the American Bridge Company. 
For finished or button heads the diameter equals i| times the 
diameter of the shank plus one-eighth of an inch, and the height 
equals 0.425 times the diameter of the head. For countersunk 
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(All dimensions are in inches.) 

rivets the depth of head equals one-half of the diameter of the 
shank, the bevel of the head being 60 degrees. Since the finished 
head of a rivet is not quite a hemisphere, the diameter of its base 
is a little less than twice the radius of its spherical surface. 

According to the Cambria standard, the height of the finished 
head equals six-tenths of the diameter of the shank, while the 
radius of the head equals three-fourths of the diameter of the 
shank plus one-sixteenth of an inch. The diameter of the counter- 
sunk head is made the same as that of the button head. This 
standard also recommends that in figuring clearances for rivet 
heads, a height of f inch should be allowed for |-inch rivets, and 
of I inch for ^inch rivets. 

The clearance between any rivet head and an adjacent surface 
or projection must allow room for the riveting tool, — at least |- 
inch clearance is required. For a |-inch rivet the distance from 
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the center of the rivet to the back of an adjacent angle should 
not be less than i J inches, while for a |-inch rivet it should not 
be less than ij inches. The minimum distance between the 
center of a rivet in one leg of an angle and the projection of a 
rivet head located on the other leg is i J inches. This clearance 
determines the minimum stagger. 

When stiffeners are crimped over the flange angles, the distance 
from the edge of the flange angle to the next rivet in the stiffener 
should be i| inches plus twice the thickness of the flange angle, 
but never less than 2 inches. The distance from the center of a 
rivet to the edge of a plate should not be less than i J diameters ; 
and whenever practicable, it should be at least 2 diameters, and 
it should not exceed 8 times the thickness of the plate. 

The maximum pitch of rivets in the direction of the stress 
should not exceed 6 inches nor 16 times the thickness of the 
thinnest outside plate, and the minimum pitch should not be less 
than 3 diameters of the rivet. Additional requirements relating 
to the pitch and location of rivets will be given in connection 
with the designs in the following chapters. Rivets should not 
be countersunk in plates whose thickness is less than the depth 
of the countersunk head, and it is preferable that the plate 
should have some bearing in the shank of the rivet. 

The rivets chiefly used in bridge work are ^ inch in diameter, 
but |-inch and |-inch rivets are employed in lacing or in other 
minor details. In some very heavy work rivets i inch in di- 
ameter are being used. Rivet tests show that the grip length 
should not exceed 5 diameters for machine-driven rivets. See 
Engineering News, vol. 24, page 500, December 6, 1890. 

Art. 34. Rivet Spacing in Angles. 

The following table gives the standard spacing adopted by 
the American Bridge Company, together with the maximum 
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diameters of the rivets to be used. As shown in Fig. 28, i 
represents the length of the angle leg, a the distance from the 
corner to the pitch line of a single row of rivets, this distance 

being known as the 
gage, b the correspond- 
ing distance to the first 
row for double riveting, 
and c the distance be- 
tween the pitch lines of the two rows. Two values of b and 
c are given for the 6-inch angle, the first being used when the 
thickness of the angle does not exceed | inch. 
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In several references to this article in succeeding chapters 
the statement is made that the 3^inch angles are the smallest 
in which |-inch rivets may be used. The designs given in those 
chapters were made before the revised standards were received, 
and are in accordance with the former Pencoyd standard in 
this respect. 
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Art. 35. Pin Plate and Rivet Diagram. 

The diagram in Fig. 29 is constructed for the unit stresses 
and diameters of rivets there given. The diameters of the pins 
are laid off as abscissas, and the bearing values for the pins as 
ordinates, the linear bearing on the pins being marked on the 
lines radiating from the lower left-hand corner. The allowable 
stress for an 8-inch pin with a bearing of i|^ inches is seen to be 
180000 pounds by following the ordinate for a diameter of 8 
inches until it meets the radial line marked 1 1 inches, and read- 
ing off its value from the scale at the right. 

The number of |-inch rivets in single shear is laid off at the 
top of the diagram, so that by following down any ordinate 
until the diagonal line (separating the two systems of horizontal 
and vertical ruling) is reached, the allowable shearing stress of 
the corresponding number of rivets may be read off by the 
scale on the right. Thus, the shearing value of 22 rivets is 
found to be 99 000 pounds. It may be added that the diagram 
as here printed is considerably reduced from the original size, 
on which more precise readings could be made. Usually, how- 
ever, it is not necessary to read closer than 1000 pounds. On 
the left side the number of |-inch rivets in bearing is laid off to 
such a scale that by following any horizontal line until it inter- 
sects a line radiating from the upper left-hand corner on which 
the thickness of plates, or the linear bearing of the rivets, is 
marked, the equivalent number of rivets in shear may be read 
off on the scale at the top. For instance, the bearing stress of 
12 rivets in a |^-inch plate is very nearly equal to the stress of 
14 rivets in single shear. 

By combining the two preceding operations the value of the 
bearing stress of 12 rivets in a ^inch plate may be obtained by 
following down from the point of intersection to the diagonal 
line, and then reading the stress on the scale at the right, the 
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PIN-PLATE AND RIVET DIAGRAM. 

Unit stresses : J-inch rivets : 

Bearing of pin, 12 ooo lbs. per square inch. Single shear, 4510 lbs. 

Bearing of rivets, 12 000 lbs. per square inch. f-inch bearing, 3940 lbs. 

Shear of rivets, 7500 lbs. per square inch. A-inch bearing, 4590 lbs 

Number of §" Rivets in Single Shear. 
2 4 6 B fO 12 14 16 18 20 22 24- 26 26 30 32 34 36 38 40 42 U 46 , 




Oiarrttttr of Pins m Inches. 
Fig. 29. 
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value being 63 000 pounds. Furthermore, all of the preceding 
operations may be combined. For example, the bearing value 
of a 6-inch pin with a bearing of i^ inches equals the shearing 
value of 20 rivets or the bearing value of 23 rivets in a |-inch 
plate. The upper radiating lines go beyond the diagonal in 
order to extend the limits of the diagram. 

Art. 36. Conventional Signs on Drawings. 

Full lines show that they are visible, while invisible lines 
are represented by a series of dashes of equal length. In 
order to distinguish between invisible lines of the structure or 
object and the projecting lines it is desirable to use dashes 
about ^ inch long for the former and about one-third as long 
for the latter. The appearance of a drawing is materially 
improved by making the spaces between the dashes uniform. 
In general these spaces should measure about ^ inch or a little 
less than the smaller dashes. If the spaces are longer than 
the dashes, a line loses its apparent continuity if it is placed 
close to other lines of a similar character. 

Feet are indicated by a prime ('), and inches by seconds ("), 
and these are usually placed on dimension lines having arrow 
points at the ends. These lines should be of two kinds : first, 
those marking the points, lines, or sections between which the 
measurement is to be recorded; and second, those drawn at 
right angles to the preceding lines, with an arrow at each end 
and the dimension marked at the middle. The former should 
have the same form as projecting lines, while the latter may 
either be the same or may be distinguished from both project- 
ing lines and invisible lines of the structure by using very short 
dashes or elongated dots and spaces nearly or quite \ inch long. 
In constructing these lines the pen should be opened about 
twice as far as for the ordinary lines constituting the greater 
part of the drawing. 
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Center lines of plans, elevations or sections, or lines marking 
the position of sections whose forms are shown elsewhere, are 
appropriately indicated by the usual convention for traces of 
auxiliary planes, consisting of very long dashes, say f inch, 
with two dots between them. Center lines of members or rivet 
lines are indicated either by very light full lines in black or by 
red lines of ordinary weight. The red lines on tracing cloth 
usually give faint lines on the blue print which may be readily 
seen. The sizes of dashes and spaces given above are those 
suitable for bridge drawings whose scale ranges from J to i 
inch to the foot, and should be modified accordingly for scales 
beyond these limits. 

When drawings are to be shaded by making some of the 
lines heavier than others, the following simple rule decides 
which lines are thus to be distinguished, plans being treated 
the same as if they were elevations : If a line separates two 
surfaces and there is an offset perpendicular to, and toward, the 
plane of projection in passing from the left-hand or upper sur- 
face to the right-hand or lower surface, the line (marking the 
offset) should be shaded. If the offset is in the opposite direc- 
tion, that is, if the former surface is nearer the plane of pro- 
jection (or farther from the observer) than the latter, the line is 
not to be shaded. When the offset is not perpendicular, as in 
the case of a beveled or chamfered edge, the form is usually 
indicated by the presence of diagonals or curves at the ends 
of the chamfer. If the line marks a rounded edge, its weight 
should be increased but slightly. Shading adds very materially 
to the realistic effect of a drawing and enables workmen not 
trained to the use of drawings to interpret them more readily. 
On account of the extra labor involved, shading is frequently 
omitted on shop drawings. 

Clearness in detail drawings often demands that cylindrical, 
conical, spherical, or other curved surfaces should be covered 
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with shade lines spaced in accordance with the principles of 
shades and shadows in descriptive geometry. 

Cross-sections are usually ruled with parallel lines, drawn 
light and full, as shown in Fig. 53, Art. 44. Sometimes a 
standard of section lining is adopted for different materials 
such as those shown in Fig. 12, Art. 17. The method fre- 
quently adopted where it is necessary to make the distinction 
is to mark those parts composed of any material other than that 
which constitutes the bulk of the structure by placing the name 
of the material either on or adjacent to them. When the sec- 
tion is so small that ruling will not appear to be suitable, the 
section is filled up solid. In order that adjacent sections so 
represented may appear distinct in form, a small space is. left 
between them, although the shapes are really in perfect contact. 

In order to give proper directions for the riveting, conven- 
tional signs are employed on the drawing. Two systems are 
in general use, one being known as Osborn's code and pub- 
lished in Osborn's Tables of Moments of Inertia as well as 
in nearly all of the handbooks, while the other is the Pencoyd 
system, which is given in the Pencoyd handbook and in the 
American Bridge Company's Standards for Structural Details. 
The former system of conventional signs with slight modifica- 
tions was adopted as recommended practice by the American 
Railway Engineering Association in 1910. 

Where the sign of a rivet head is surrounded by a broken 
circle of larger diameter, it represents the insertion of a washer 
to maintain uniform spacing between two angles acting together 
as a strut or tie. When the terms angles, channels, I-beams, 
etc., are not marked on the drawing, symbols are used having 
the form of the section. For additional information regarding 
shop drawings, see Art. 17 and Chap. X. 
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CHAPTER VI. 

DETAILS OF PLATE-GIRDER BRIDGES. 

Art. 37. General Arrangement. 

The simplest form of a plate girder is composed of a vertical 
web plate to whose top and bottom are riveted horizontal pairs 
of angles, and to whose ends vertical angles are attached which 
serve to transmit the load to the supports. As the ratio of 
the depth of the web to its thickness increases, it becomes 
necessary to stiffen the web by fastening additional vertical 
angles at intervals along the span, these being also arranged in 
pairs on opposite sides of the plate. (See Fig. 30.) As the 
span increases, two or more web plates must be used and 
spliced end to end, while for long spans the flanges also require 
splicing. 

For short spans one end of the girder is permitted to slide 
upon the support, a bearing or base plate being riveted to 
the bottom of the girder, and a bed plate bolted to the masonry 
or other support. When the span exceeds about 75 feet, it is 
desirable to make better provision for the expansion and 
contraction due to changes in temperature by introducing 
rollers between the bearing and bed plates, while for §pans 
which are but slightly, if any, longer hinged bolsters are used 
in order to avoid the unequal pressure upon the rollers due 
to the deflection of the girder. At the same time the com- 
position of the flanges and of other details is changed so as 
to provide for the increased stresses caused by greater loads 
and spans. (See Plate I, Art. 69.) 
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A plate girder bridge consists of two or more girders con 
nected together by one or two systems of lateral bracing, and by 
transverse bracing which comprises two or more cross-frames. 
In a deck bridge the railroad track or highway flooring rests 
directly upon the tops of the girders, while in a through bridge 
the floor is attached to the web plates. In one type of the 
through bridge, transverse girders, or floor beams are connected 
by gusset plates to the stiffener angles of the main girders 
to which, in turn, are attached the longitudinal beams or 
stringers that carry the cross-ties or the planking or floor plates. 
In another type of construction the transverse beams consist of 
rolled or built-up shapes that either form a solid or continuous 
floor, or they are placed so close together as to obviate the use 
of the stringers. As through plate-girder bridges can have 
only a lower lateral system, the upper flanges of the girders 
which are subject to compression must be held in line by means 
of bracing composed of the floor beams and their angle and 
gusset plate connections, which are extended up to those flanges 
for this purpose. When solid floors are employed, a similar 
arrangement is necessary at corresponding intervals (Art. 45). 

Art. 38. Thickness of Web Plates. 

Experience shows the importance of specifying that the 
thickness of web plates in railroad bridges shall not be less than 
three-eighths of an inch, while those in highway bridges and 
buildings shall not be less than five-sixteenths of an inch. It 
would be better if three-eighths of an inch were also made the 
minimum thickness for important highway bridges. In girders 
carrying heavy loads the magnitude of the vertical shear will 
frequently require a greater thickness than the minimum value. 

Usually the thickness of the web is made the same through- 
out, as it simplifies the shopwork, the excess of material being 
offset by the saving in labor. In special cases, however, it may 
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be necessary to use such a thick web at the ends that it will be 
economical to vary the thickness either once or twice in the 
half span. When this is done, filler plates must be placed 
between the web and the angles on one or on both sides of the 
flanges, so as to maintain a constant distance between the backs 
of the flange angles. An illustration of this may be found in 
the Engineering Record, vol. 43, page 102, Feb. 2, 1901. 
The web thicknesses of the middle girder are i", |", and |", 
respectively, and two fillers -j^^" thick are used under the flange 
angles along the |" web, while those along the |" web are -^g" 
thick. The outer girders of the same bridge have web plates 
^" and I" in thickness, and one filler plate ^" thick is used 
under the outer flange angles only. 

In the design of plate girders the use of somewhat thicker 
web plates than is customary should be encouraged because 
inspectors with extended experience report that they find that 
the web always gives out first, even in cases where the flanges 
are thinner. This may be done by specifying that a part of the 
web section shall be taken as flange area in accordance with the 
theory of flexure. A thin web gets out of shape more readily 
in handling, deteriorates more rapidly after it begins to rust, 
and is more easily injured in case of accident. 

Sometimes, instead of changing its thickness, the web plate is 
reinforced near the ends by riveting a plate on each side of it 
between the upper and lower flange angles. 

Art. 39. Composition of Flanges. 

The simplest flange of a plate girder is shown in Fig. 3 1 and 
consists of a pair of angles riveted to the web plate with their 
backs projecting slightly beyond it, so that if the edge of the 
plate is not perfectly straight, there may be no interference with 
anything resting upon or attached to the flange. 
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When additional flange area is required, one or more cover 
plates are usually riveted to the horizontal legs of the angles as 
shown in Fig. 32. The number of cover plates should generally 
be limited so as not to require rivets longer than five times their 
diameter in order that they may entirely fill the holes when 
driven. As the stress in the covers must be transmitted indi- 
rectly from the web through the angles, it is desirable to use 
angles whose sectional area shall be equal to or greater than 
that of the cover plates, and if this is not possible, the largest 
angles obtainable should be used. Since the bending moment 
in the girder requires cover plates of different lengths which in 
turn necessitates notching the cross-ties unequally for deck 
girders of railroad bridges, the flange has occasionally been 
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Fig. 39. 



Fig. 33. 



Fig. 34- 



modified by making the outer plate narrower than the rest and 
extending it from end to end of the girder with filler plates 
placed under it beyond the shorter cover plates. See Fig. 33 
and Engineering Record, vol. 44, page 6, July 6, 1901. In Fig. 
34 the same object is secured by means of two small angles, the 
ties being notched over the vertical legs of the angles. The 
section of the flange at the end of the girder is shown in Fig. 38. 
With both of these forms of flange the load is brought nearer to 
the center of the flange. The cross-ties are all alike, and this is 
a convenience in the removal of ties or in bunching them to 
secure access below the floor for repairs. The rivets are 
countersunk so as to avoid interference with the bearing of 
the cross-ties. 
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Fig. 35 gives a section used by the Chicago, Milwaukee, and 
St. Paul Railway in the plate-girder bridges carrying its elevated 
tracks in Chicago. The top pair of angles extends from end to 
end, while the lowest pair is the shortest. This flange also 
secures an even bearing for the track ties without the necessity 
of boring holes for rivet heads, as is the case generally when 
cover plates are used, the cross-ties being held in place laterally 
by notching over the projection of the web plate which extends 
I" or J" above the flange angles. The bottom flange has 
2 angles 6" x 6" x |", and 2 cover plates 14" x |". In another 
girder of larger span the top angles of the upper flange are 
increased to 8" x 8" x |", thereby securing three rows of 
rivets to connect the flange angles to the web. 

Another method of reducing somewhat the total thickness of 
cover plates is to insert a vertical plate between each flange 
angle and the web as illustrated in Fig. 36. This arrangement 
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has the advantage of permitting three or four rows of rivets to 
transmit the increments of flange stress from the web to the 
flanges. The vertical plates are usually made about twice as 
wide as the angles. Probably the largest flanges of this form 
which have been constructed are those in the Maiden Lane 
bridge at Albany, described in Engineering Record, vol. ^o, 
page 474, Oct. 21, 1899. The angles are 8" x 8" x i", and the 
vertical plates 16" X |", while the cover plates are 27" wide, 
three being i" thick and the other ||" thick. 
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The type of flange which has been used in the heaviest plate 
girder probably ever built, and in some other girders of very 
long span, is illustrated in Fig. 41, Art. 41. It consists of 4 
angles, with one or more pairs of vertical plates on the faces of 
the angles, together with a number of cover plates. In the 103- 
ton plate girder, which is the middle one in a four-track through 
bridge on the New York Central and Hudson River Railroad 
over the Clyde River east of Lyons, N. Y., each flange consists 
of 2 angles 8" x 8" x i", 2 angles 6" x 6" x i", 6 side plates 
1 2 J" X y'f only two of which extend the full length, and 10 
cover plates, one of which extends the full length of the girder, 
7 plates being 24" x |", and 3 plates 24" x .]". The flanges 
of the outside girders have 2 angles 8" x 8" x |", 2 angles 
6" X 6" X I", 2 side plates 13" x ^", full length, and 5 cover 
plates, two being 24" x |", and 3 plates 24'' x |". This bridge 
is described and illustrated in the Engineering Record, vol. 43, 
page 102, Feb. 2, 1901. 

Another girder on the Erie Railroad, whose span is 125' 2 J", 
has an upper flange of 4 angles 8" x 6" x f ", and 4 cover plates 
18" X 1^^", no vertical plates being used. The long legs of the 
angles are horizontal. See Fig. 41, or Engineering Record, 
vol. 41, page 565, June 16, 1900. 

A modification of this type in which the side plates are 
included, but the cover plates omitted, is given in Schaub's 
specifications. The web plate is to project I inch above the 
angles to engage the notches in the railroad track ties. An 
interesting example of upper flanges without cover plates is 
given in the Boone Viaduct. See Fig. 37, and Engineering 
News, vol. 46, page 117, Aug. 22, 1901. 

The flanges shown in Figs. 37 and 41 have another advantage 
in permitting the lateral system to be attached to one of the 
lower angles, and thus avoiding the trouble from loose rivets in 
the bracing caused by the deflection of the cross-ties. 
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Dapping or notching the cross-ties over the cover plates or 
angles weakens them when the girders are spaced farther apart 
than the track rails. In those flanges where the cross-tie is 
notched over the projecting web, or the short vertical legs of 
bearing angles, as in Fig. 34, the cross-tie takes its bearing out- 
side of the narrow notch, thus preserving its full strength. 
Less labor is also required in this case, as it is not necessary to 
bring the top of the notch to an even surface. 

Art. 40. Web Stiffeners. 

As pointed out in Art. 57, the theory of the distribution of 
stresses in the webs of plate girders and of the functions of 
intermediate web stiffeners is in an unsatisfactory state, and as a 
natural result the practice in the use of stiffeners varies consid- 
erably. An examination of the drawings of a large number of 
plate-girder railroad bridges of recent design indicates that for 
intermediate stiffeners, 3|" x 3J" x |" angles are mostly used 
for spans below 50 feet, 5" x 3 J" x |" angles for spans from 50 
to 100 feet, and 6" x 4" x |" angles for spans above 100 feet. 
Thicknesses of fg" or ^" are employed in very few cases. In 
general the stiffeners for highway girders and buildings are 
somewhat lighter. 

The end stiffeners usually consist of four angles for ordinary 
spans, one pair being placed at each end of the shoe or bearing 
plate, while for long spans two additional pairs of angles are 
placed midway between them, as shown in Figs. 43, 46, 48, and 
49, Arts. 43 and 44. 

Fillers are always employed under the end angles, so that the 
latter may be riveted on straight, as shown on the right of Fig. 
38. Intermediate stiffeners are sometimes crimped over the 
flange angles, as indicated on the left side of the same figure, 
while in other cases fillers are used. When stiffeners connect 
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to cross-frames, it is preferable to use fillers. Some engineers 
prefer to limit crimping to about J inch, using fillers only for 
the excess thickness of the flange angles. When vertical side 
plates are used in the flanges, fillers of the same thickness are 
inserted between the upper and lower side plates, while the 
stiffeners are crimped over the flange angles. 

For a novel arrangement of end stiffeners and fillers in 
which the angles form a continuation of the upper flange 
angles without reduction of thickness, see Railroad Gazette, 
vol. 28, page 769, Nov. 6, 1896, and the inset of Engineering 
News for Aug. 20, 1896. In the former case the intermediate 
stiffeners, which are about 7 feet apart, do not extend over the 
upper flange angles. 

Art. 41. Web Splices. 

The processes of manufacture and the available equipment 

necessarily impose limitations to the size and weight of web 

plates, so that large plate girders require a number of web 

splices. The simplest form of splice shown in Figs. 46 and 
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49, Art. 44, consists of plates whose length equals the clear 
distance between the fiange angles, and which are riveted to 
each of the two web plates by two or more rows of rivets. 
A pair of stiffener angles is generally attached to the splice. 
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A more efficient splice is that designed in Art. 56 (see Fig. 
68). The two flats riveted to the vertical legs of the flange 
angles not only splice the part of the web not reached directly 
by the other plates, but add considerably to the strength of the 
whole splice, since the value of any rivet in resisting the bend- 
ing moment at the joint is proportional to the square of its 
distance from the neutral surface. A rivet at the neutral sur- 
face can resist shear, but no bending moment. Such a splice 
is used on the girders of the New Kinzua Viaduct described 
in Engineering Record, vol. 42, page 510, Dec. i, 1900. If 
additional strength be required, the flats over the flange angles 



Fig. 41. 

may be widened so as to engage one or two extra rows of rivets, 
filler plates of the same thickness as the flange angles being 
placed between them and the web. See Fig. 39 and also Engi- 
neering News, vol. 30, page 140, Aug. 17, 1893. Fig. 40 shows 
the web splice in a very heavy girder whose flanges contain 
side plates. 

Longitudinal splice plates for the web are well adapted to 
the case where the flange has four angles, as in Fig. 37, Art. 39. 
The splice illustrated in Fig. 41 is the one used on the plate 
girder of 125' 2 J" span referred to in Art. 39. 

On the Duquesne approach of the Monongahela River bridge 
at Rankin, Pa., the splices of some girders, whose span is about 
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Ii8 feet, were made by placing the longitudinal plates along- 
side of the vertical flange plates, the vertical splice plates being 
put between these. The use of vertical flange plates requires 
either the arrangement just mentioned, thereby reducing the 
relative effectiveness of the splices, or the use of many fillers 
to move the longitudinal splice plates farther from the neutral 
surface of the girder. The total thickness of fillers may be 
reduced by crimping the stiffeners over the longitudinal splice 
plates. 

It is customary to place a pair of stiffeners at each web splice, 
but in the girders last mentioned most of the splices are 
located in the spaces between the stiffeners. 

Art. 42. Flange Splices. 

For spans of plate girders less than 60 feet, it is possible 
to avoid splices in the flanges, as angles and cover plates 
extending the full length required may be readily obtained. 
It is frequently economical to pay the additional price that 
may be asked for extra lengths of such material in order 
to avoid splices altogether, or to reduce their number to a mini- 
mum. No two pieces of either the web or the flange should 
be spliced within a certain distance of each other, that distance 
being such as to enable one cut to be fully spliced before the 
next one is reached. 

When each flange consists of only two angles and cover 
plates, it is customary to splice the outside angle on the left 
of some web splice, and the inside angle on the right of the 
web splice in one of the flanges, and to reverse this arrange- 
ment in the other flange. The flange angles are usually spliced 
by means of cover angles whose roots are rounded to fit the 
fillets of the other angles. The most convenient arrangement 
for the cover splices is to place them so that in each case the 
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outer cover near the splice may be extended a sufficient dis- 
tance to form the splice plate. 

Fig, 42 shows the splice of a flange with an exceedingly 
heavy section. On account of the necessity of shipping this 
girder in three pieces, the entire |„ 000,0^.10000°° oaoooi: ^o^^r,., 1 
flange splice had to be confined 
to a comparatively short length. 
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2 side plates, and 6 cover plates, besides the ends of the remain- 
ing 4 cover plates, some of which are extended so as to act as 
splice plates. The composition of this flange of a 103-ton 
girder was given in Art. 39. 

In Fig. 72, Art. 61, and on Plate I, details are shown in 
which both a cover angle and a flat placed on the opposite 
side are used to splice one of the flange angles. 



Art. 43. Lateral and Transverse Bracing. 

The upper and lower flanges of deck plate girders are held 
in line by means of a series of braces, each one being composed 
of one or two angles, which together with the flanges form 
horizontal trusses, known as the upper and lower lateral sys- 
tems respectively. These systems are most frequently of the 
Warren type, the panel points of the upper system being 
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directly above points which are midway between the panel 
points of the lower system. Transverse or sway bracing is 
placed at the ends of the girders and at intervals between. 
These cross-frames usually consist of two horizontal struts and 
two diagonals, which together with a stiffener on each girder 
form a rigid rectangular panel. (See Fig. 44.) Similar hori- 
zontal struts are often inserted at other points between the 
cross-frames. The end cross-frames sometimes have diagonals 
composed of channels instead of angles, while in exceptional 
cases a solid web plate has be6n employed. The lower hori- 
zontal strut is occasionally omitted in intermediate frames. 

In double-track deck bridges the inner girders supporting 
each track are connected by struts of single or double angles 
to keep them at a fixed distance apart, no diagonals being 
employed. These are also shown in Fig. 44. The object of 
the I" fillers inserted between the lateral connecting plates 
and the flanges is to secure more clearance between the lateral 
braces and the cross-ties. 

Fig. 45 gives a view of two adjacent deck plate-girder bridges 
on the Baltimore and Ohio Railroad, taken before the track was 
put in place on one of them. This shows the general character 
of the upper lateral system and the cross-frames as well as 
the form of their connections to the girders. 

In double-track through bridges both tracks are generally 
supported between two girders, and the lateral system is then 
preferably made of the rectangular type, two sets of diagonals 
being inserted between each pair of floor beams, the latter act- 
ing as the struts of the system. The same arrangement is 
used for single-track through girder bridges, the laterals being 
riveted to the stringers in both of these cases so as to transfer 
directly to the girders any stresses due to the braking of trains, 
or to other longitudinal forces, which might otherwise cause 
the floor beams to bend horizontally. 
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The gusset plates, used as transverse bracing for the upper 
flnnges of through plate girders will be described in Art. 45, 



since in the best construction these gusset plates form an inte- 
gral part of the floor system. 

Art. 44. Expansion Bearings. 

For short spans a base plate is riveted under the bottom 
flange at each end of the girder ; this rests upon a bed plate 
that distributes the pressure to the masonry. At one end the 
anchor bolts hold the base plate rigidly in position, while at the 
other end the holes are slotted so as to permit the base plate to 
slide longitudinally on the bed plate under the influence of 
temperature changes and deflection. 

When the span exceeds about 75 feet, friction rollers are 
introduced, and in order to insure a uniform distribution of 
pressure, the best practice requires at the same time the use of 
a pin bearing, the rollers being placed between the pedestal and 
the bed plate. One standard form of this bearing is shown in 
Fig. 46. In both shoe and pedestal, three webs composed of 
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vertical plates are connected to the horizontal bearing plate by 
means of angles. The rollers are kept at the proper clearance 
by two side bars which engage tap bolts in the ends of the 
rollers.' Three tie rods hold the side bars from separating. 
Angle irons are placed around the nest of rollers . to form 
a dust guard, those on the sides also acting as guides to pre- 
vent lateral motion of the girder. Waddell specifies that the 
rollers are to be inclosed in dust-proof boxes filled with oil of 

a given quality. 

At the fixed end a cast-iron base 
is used whose height equals that of 
the rollers and bed combined so as 
to make the height of masonry the 
same at both ends of the span. 
One form of such a base is given 
in Fig. 47. 

The complete detail drawings of 
a similar bearing designed for a 
span of 100 feet are given on the 
insets of Engineering News for July 8 and 15, 1897. The 
webs are stiffened by inclined diaphragms on both sides, 
the rollers are relatively larger, and the dust guard is differ- 
ently arranged, the side bars being replaced by angles. The 
details of another bearing are shown in Railroad Gazette, vol. 
27, page 771, Nov. 22, 1895. In this case there are only two 
webs, each one connected to the bearing plate with two angles. 
The webs are joined by a central vertical diaphragm which 
is arranged to take continuous bearing on the pin. The rollers 
move on flats riveted to the bed plate, the grooves between 
which gather the dust that may pass the guards and facilitate 
its subsequent removal. The rollers are grooved in the middle 
and engage a flat riveted to the base plate of the pedestal as 
well as the middle flat on the bed plate which is higher than 
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the rest, thus preventing lateral motion of the girder and 
relieving the side angles of the dust guard from that duty. 

Fig. 48 illustrates the bearing of a 103-ton plate girder on 
the New York Central and Hudson River Railroad. The 
pedestal has five webs, a transverse diaphragm between the 
inner webs, the outer webs being stiffened by vertical angles 
on the outside. The rollers are segmental with parallel sides, 
and are 6" in diameter and 3" thick. The roller bed contains 
closely spaced I-beams in order to distribute the pressure on 
the masonry over a larger area. At the middle pier of this 
two-span bridge the adjacent shoes of the fixed ends of the 
girders engage the pins of a single pedestal whose length is 
not quite double that of those on the abutments. In order to 
secure increased web bearing on the base plate of the shoe 
the lower part of the web is reinforced by two plates, and the 
lower flange angles are crimped around them as indicated in 
the horizontal section. 

Fig. 50 shows beds containing piles of 4" x i" flats spaced 
4" apart in the clear, offset at the ends so as to secure larger 
bearing areas for the bed plates. The construction of the roller 
dust guard is shown in Fig. 49, both bearing plates above and 
below the rollers having -f^" shoulders, while the side bars 
extend ^e" beyond the rollers. 

Fig. 51 contains the end elevation, transverse section, and 
side elevation of a cast-steel expansion bearing which was 
designed for a deck girder with a span of 112 feet. The pin 
has a diameter of 6 inches, and is held in place by a ring one 
inch thick made in two sections. The thickness of metal in the 
cast pedestal is 2 inches. Another bearing of the same kind is 
shown in Fig. 52, and was designed for a single-track through 
girder whose span is 125' 2 J". The details of the steel castings 
indicate that the 3" pin has continuous bearing. The pin is 



Art. 44. EXPANSION bearings. 



e6'll'B.1oB.oFM9 

■ 9'2\t' -*1 



End Elevotion. Sido Elevation. Cross- Section. 

Center Sirdbi*. 



Horiiontol Section. 



i ii i!llBljli!iiii 



— J7C — n^ !• ni'--^^ 



s- 



124 



DETAILS OF PLATE-GIRDER BRIDGES. ChAP. VI. 



omitted in the outline sketch of the assembled bearing. In 
Er.gineering Record, vol. 40, page 414, Sept. 30, 1899, may be 
fc 'nd an illustration of a cast-steel bearing in which the pin 
is mttCi.'id on the lower side, while in Railroad Gazette, vol 25, 
page 684, Sept 15, 1893, another one is given in which the 
pedestal has a semi-cylindrical projection that enters the con- 
cave bearing of the shoe and thus replaces the pin. 

A novel design was made in 1900 by the American Bridge 
Company, under the direction of the bridge department of the 
Lehigh Valley Railroad, for the support of a i i6-foot deck plate- 
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girder bridge at Mauch Chunk, Pa. As shown in Fig. 53 the 
end shear is transferred by pin plates directly from the web and 
end stiffeners to the 9-inch pin of the shoe or pedestal. By 
this arrangement the distance from the bottom flange of the 
girder to the masonry is reduced to g inches. The distance 
from the base of rail to the masonry is 10 feet 7J inches. 

Another design embodying some unusual features is that of 
an expansion bearing for a plate-girder bridge of ri4'6" span 
on the Chicago, Milwaukee and St. Paul Railway at Janesville, 
Wis. A planed phosphor-bronze plate 8 inches square and ij 
inches thick is inserted between the upper and lower castings, 
permitting the upper casting to move longitudinally and the 
girder to deflect without disturbing the pedestal bearings. The 
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casUngif have project- 
ing longitudinal 
flanges which inclose 
the bronze plate and 
prevent lateral dis- 
placement. The plate 
is tap bolted to the ^■ 
lower casting. It will 
be observed that the 
object of these bear- 
ing plates is to re- 
place both the pin and 
the friction rollers. 
Ste illustration in 
Ergineering Record, 
vol. 44, page 6, July 
6, 1901. 

Fig. 54 shows a 
standard hinge joint 
of cast steel for spans j,— - 
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from 50 to 65 feet, [^''''""^H'^tz ^^l - 



introduced on 
Northern Pacific 
Railway. For spans 
over 65 feet segmen- 
tal rollers 12 inches 
in diameter are used, 
the form of bearing 
being the same as 
that used for riveted 
trusses. See Plate 
n. Art 69. These 
spans are considera- 
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bly less than the usual limit assigned in practice to the use of 
expansion bearings. The details of a rocker bearing, formerly 
a standard on the same railroad, may be seen in Engineering 
Record, vol. 37, page 5, Dec, 4, 1897. The rocker consists 
practically of a double pin 4" in diameter and S" high. 

Art. 45. Floor System. 

The floor system of through railroad plate-girder bridges in 

most extensive use consists of floor beams and stringers, the 



latter supporting the cross-ties on their upper flanges. The 
floor beams are generally spaced from 12 to 18 feet apart. 
The spacing is slightly less in single-track than in double-track 
bridges. The general arrangement of the floor system and its 
connection with the girders is clearly shown in Fig. 55, the view 
being taken before one of the tracks was put in place. The 
bridge is on the Baltimore and Ohio Railroad. 
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A floor beam is ia reality a plate girder of short span, as indi- 
cated in Fig, 56. This illustration is a part of the standard 
details adopted by the New York Central and Hudson River 
Railroad. The web is spliced near each end in order to make 
an efficient connection with the main girders, both to transfer 



the shears and to stiffen the upper flange of the girders. As 
shown in the figure the triangular gusset plate is an upward 
extension of the end web plate, while the web splice plates are 
extended from the girder to the inside of the nearer stringer, to 
reinforce the web plate. This reinforcement is not needed in a 
single-track bridge. The outer edge of the gusset plate is stif- 
fened by a pair of angles whose upper ends, are bent over and 
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riveted to both the stifiTeners and flange angles of the girder. 
This is more effective than the common arrangement in which 
these angles are cut off where they meet the edge of the stif- 
feners. Sometimes the gusset plate is made too narrow and 
not even extended up to the flange angles as it should be, while 
in other cases this plate is separate from the web plate of the 
floor beam, and only connected to it indirectly by short horizontal 
angles riveted to the flanges. Such a connection develops 
tension in some of the rivets, which should be avoided when 
possible. 

When the lower flange of the girder contains four angles, and 
it is desirable to keep the bottom of the floor beam as low as 





rig. 37 
possible, the end of the floor beam must either be slotted, as in 
Fig- 57. or the connection to the girder may be omitted below 
the top angles of its lower flange, as in Fig. 58, since some of 
the shear may be transferred to the stiffeners above the floor 
beam, on account of the continuity of the end web plate. 

The stringers may consist either of I-beams or be built up 
like a plate girder, in which case it is preferable to use no cover 
plates, and to allow the web plates to project above the flange 
angles. The left end of Fig. 46, Art. 44, shows a bracket, in 
line with the stringer and beyond the end floor beam, which 
carries the end track tie on the bridge. 
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In another arrangement of the floor system of through plate- 
girder bridges the ties rest on horizontal shelf angles riveted to 
the web near the lower flanges, and the gusset plate stays are 
attached to the transverse struts of the lateral system, which 
are made as deep as the track will allow, in order to give the 
needed stiffness. The method is objectionable on account of 
the warping of the timber, in spite of all precautionary appli- 
ances to prevent it, while at the same time the cross-ties are 
liable to be pushed over in case of derailment, on account of 
their greater depth required by the increased span of the ties. 

1^ , . It is worse still to 

I L ^t'^^- J ^ 1 rest the cross-ties on 

^'^^- ill II ^^ni> ^^^ bottom flanges, 

springing of the floor 

• tends to weaken the 

flanges and to loosen 
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the lateral bracing. 

In deck bridges the 
cross-ties rest directly 
upon the top flanges of the girders, two girders supporting 
each track. (See Fig. 43 in Art. 43.) This is the plan almost 
universally adopted. On the Boston and Maine Railroad, how- 
ever, the standard deck-girder bridge contains floor beams 
and stringers. The floor beams are riveted to the webs of the 
girders at such a height that the stringers, which rest on top 
of them, are about even with the tops of the girders. The 
cross-ties extend over both stringers and girders, the latter, 
spaced 9 feet apart, acting thus also as safety stringers. 
There is but one lateral system, it being in the plane of the 
bottom flanges of the floor beams. The upper flanges of the 
girders are stayed by transverse web connections to the stringers 
directly over the floor beams. 
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A similar arrangement is adopted in the long span deck- 
girder bridges of the approaches to the Monongahela river 
bridge at Rankin, Pa. The track is on a curve, requiring the 
girders to be spaced if 3" or more apart. The stringers are 
6' 6" apart and follow the track as nearly as possible, the track 
running close to the inner girder at its ends and the outer 
girder at its center. 

In highway bridges floor beams are generally used, and to 
these are attached steel I-beams or wooden joists spaced rela- 
tively close together to give adequate support to the wooden 
floor planks or to the buckle plates which carry some form of 
paved floor. The sidewalks outside of the girders are carried 
on brackets or cantilever extensions of the floor beams. In the 
Journal of the Association of Engineering Societies, vol. 21, 
page 62, Aug., 1898, an illustration is shown of some grade- 
. crossing work, in which the floor beams are dropped down 
below the lower flanges of the girders about half their depth 
in order to save head room over the railroad tracks below. 
The floor beams are placed midway between the clearances 
required by the railroad. 

A large number of standard railroad bridge floors for deck 
and through bridges are described and illustrated by 14 plates, 
showing partly dimensioned details, in the report of a Com- 
mittee of the Association of Railway Superintendents of Bridges 
and Buildings, published in Berg's American Railway BriSjges 
and Buildings, pages 645-669, reprinted from the Proceedings 
of the Association. 

Art. 46. Solid Floors. 

Solid floors in railroad bridges include many different types 
of continuous metal floors which support the rails on ordinary 
cross-ties in ballast In some cases the ballast is omitted, and 
the cross-ties rest on the metal floor, while in other cases the 
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cross-ties are also omitted, and the rails are bolted directly to 
the metal floor. 

In the earliest type used in this country old track rails were 
laid close together on top of the girders of short span bridges, 
and on which the ballast was spread, thus securing a continuous 
track free from the objections inhering in the transition to and 
from the standard wooden bridge floor supported on stringers. 
Floors of this kind were built as early as 1874. 

The next form, which was introduced in 1887, consists of 
metal troughs built by riveting trough plates that are alternately 
inverted, as indicated in Fig. 59. The cross-ties are sometimes 
laid directly in the troughs, but more frequently bedded in bal- 
last. In the following year the New York Central and Hudson 
River Railroad began building solid floors with continuous 



Fiff. 59. Piff. 6a 

ballast, adopting the above section for deck bridges and the 
rectangular trough section, consisting of plates and angles (Fig. 
64), for through bridges. The latter section is better adapted 
to being hung between the girders by connecting plates and 
angles than any form having inclined sides, and its depth may 
be readily increased to give the required strength for any given 
load and span. (See Fig. 46 in Art. 44.) This railroad was 
the first to adopt solid floors as a standard, and has continued 
to the present time to use the rectangular troughs with ballasted 
track where the depth of floor is limited. 

Fig. 60 gives a trough section composed of a flat, an obtuse 
angle, and a trough plate, which was designed to be easily man- 
ufactured and power riveted, adjustable for depth and spacing, 
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absolutely water tight, and to avoid rivets in the tension side 
with the consequent reduction in strength. The sections in 
Figs. 61 and 62 have a fixed depth, but are readily adjustable 
horizontally by varying the widths of the flats, the latter re- 
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quiring twice as much riveting as the former, half of it being in 
the bottom of the troughs. 

The triangular form in Fig. 63 has been used to a limited 
extent, the lower edge not being well adapted for support, 
while the inclined sides render web connections with the gir- 
ders less convenient. Fig. 65 shows a modification of the rec- 
tangular trough in which Z-bars take the place of the angles 
and vertical plates of Fig. 64. 

The requirements of track elevation in large cities for very 
shallow floors in the plate-girder bridges at street crossings 
have led to several designs of floors composed of I-beams and 
continuous cover plates. In some cases the transverse I-beams 
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Fig. 64. 



Fig. 6s. 



are spaced so close together as not to require any stringers, 
while in others they are spaced somewhat farther apart and 
short stringers are used to support the rails. 

In highway bridges those floors are called solid floors in 
which there is either a continuous metal floor, or in which the 
metal and some other material, like concrete, for example, form 
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the permanent foundation to receive some kind of street and 
sidewalk surface paving. 

The form most generally used consists of buckled plates sup- 
ported on stringers and floor beams properly spaced, upon 
which concrete is placed to receive the rest of the pavement. 
Buckled plates were introduced in this country in 1875. Plain 
and corrugated or arched plates are also used in a similar man- 
ner, while some of the types of solid floors employed in railroad 
bridges have been adopted for highway bridges. 

The great lateral strength of all solid floors renders a lateral 
system unnecessary for bridges containing them. 

Solid floors composed of reinforced-concrete slabs supported 
by closely spaced I-beams were introduced by the Wabash Rail- 
road in 1903. Concrete had been used previously to some extent 
as filling for the protection of metal in steel trough floors, and 
when I-beams came to be more generally adopted instead of 
troughs, the continuous steel plate which was at first laid over 
the beams to support the ballast, was replaced by a filling of 
plain concrete between the beams and extended over their upper 
flanges to protect them. The satisfactory service given by the 
reinforced-concrete slab floors soon led to their adoption by 
other railroads and for highway bridges, with various modifica- 
tions in details and with increasing spans. 

References to engineering periodicals are given in Art. 47 
which relate to illustrated descriptions of various kinds of solid 
floors constructed since 1900, and arranged chronologically to 
indicate more clearly the order of development. In the first 
two groups the articles are confined practically to the floor 
system, whether they are used in beam, plate-girder, or truss 
bridges. In Art. 48 are given selected references to articles 
containing descriptions and illustrations of solid floors, and also 
of other details of the plate-girder bridges in which they occur. 
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The references to engineering periodicals from 1889 to 190 1 
inclusive, extending back to the introduction of solid floors for 
bridges in America, which were given in the previous edition of 
this book, have been omitted in the present edition, except those 
for 1901. 

Art. 47. Solid Bridge Floors — References. 

Solid-floor Single-track Plate-girder Bridge. Eng. Rec, v. 46, 
p. 152, Aug. 16, 1902. 

Protection of Steel in Ballasted Floor Bridges. Eng. News, 
V. 50, p. 437, Nov. 12, 1903. 

Best Methods of Protecting Solid Steel Floors of Bridges. 
Report of Committee and Discussions. Proc. Assoc. Ry. Supt. 
Bridges and Bldgs., 1903, v. 13, p. 149. 

Fireproof Floor of the Williamsburg Bridge, New York. 
Eng. Rec, v. 49, p. 466, Apr. 9, 1904. 

Waterproofing Bridge Floors on the Chicago and Western 
Indiana R. R. Eng. News, v. 51, p. 440, May 5, 1904. 

Ballasted Railroad Bridge with a Plank Floor. Eng. Rec, 
v. 49, p. 643, May 21, 1904. 

Ballasted Floor Through-span Bridge for the Santa F6. 
R. R. Gaz., V. 36, p. 394, May 27, 1904. 

Double-track Pin-connected Railroad Bridge with Stringer 
and Solid Plate Flooring. Eng. Rec, v. 51, p. 324, Mar. 18, 1905. 

Oak Lane Bridge, Reading Railway, Philadelphia. Eng. 
Rec, v. 51, p. 581, May 20, 1905. 

Ballasted Bridge Floors. By A. F. Robinson. Jour. W. Soc 
Engrs., V. 10, p. 227, June, 1905. 

Protecting and Waterproofing Solid-floor Bridges. By W. C. 
CusHiNG. R. R. Gaz., v. 39, p. 104, Aug. 4, 1905. 
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Thirty-three-track Bridge at Chicago. Eng. Rec, v. 53, 
p. 731, June 16, 1906. 

Bridges on the Fortieth Street Line of the Chicago Junction 
Railway. Eng. Rec, v. 54, p. 209, Aug. 25, 1906. 

Erection and Waterproofing of Plate-girder Bridges at Plain- 
field, N. J. Eng. Rec, v. 57, p. 134, Feb. i, 1908. 

Waterproofing Ballasted Bridge Floors at Schenectady, N. Y. 
Eng. Rec, v. 57, p. 371, Mar. 28, 1908. 

Open vs. Ballasted Deck Structures. By A. F. Robinson. 
Proc Am. Ry. Eng. & M. W. Assoc, 1908, v. 9, p. 253. 

Waterproofing of Concrete-covered Steel Floors of Bridges. 
Report of Committee and Discussions. Proc. Assoc Ry. Supt. 
Bridges and Bldgs., 1908, v. 18, p. 46. Abstract in Eng. Rec, 
V. 58, p. 488, Oct. 31, 1908. 

Ballasted Floors on Erie Railroad Bridges. Eng. Rec, v. 59, 
p. 250, Feb. 27, 1909. 

Solid-floor Short-span Railroad Bridges. Eng. Rec, v. 59, 
p. 548, Apr. 24, 1909. 

Chicago Track Elevation. By M. K. Trumbull. Ry. Age 
Gaz., V. 46, p. 117s, June 4, 1909. 

Twelfth Street Bridge, Philadelphia, Pa. Eng. Rec, v. 59, 
p. 740, June 12, 1909. 

Construction of the Four-track Truss Bridge with Solid Floor, 
Chicago and Oak Park Elevated Railway. Eng. News, v, 62, 
p. 653, Dec. 6, 1909. 

Heavy Floor for a Double-track Bridge. Eng. Rec, v. 61, 
p. 76, Jan. 15, 1910. 

Progress Report upon Waterproofing Masonry. Proc. Am. 
Ry. Eng. Assoc, 1910, v. 11, p. 970. Abstract in Eng. Rec, 
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V. 61, p. 361, Mar. 26, 1910; Ry. Age Gaz., v. 49, p. 212, Aug. 5, 
1 910. See also reports in later volumes of the Proceedings. 

REINFORCED-CONCRETE FLOORS. 

Steel-concrete Abutments and Solid Floors for Railroad 
Bridges. By A. O. Cunningham. R. R. Gaz., v. 36, p. 20, Jan. 8, 
1904. 

Solid Floor for Deck Girders. R. R. Gaz., v. 36, p. 114, 
Feb. 12, 1904. 

Reinforced-concrete Floor for Deck Girders. R. R. Gaz., 
V. 38, p. 96, Feb. 3, 1905. 

Concrete Floors for Railway Bridges. Eng. News, v. 53, 
p. 161, Feb. 16, 1905. 

Shallow Solid-floor Girder. R. R. Gaz., v. 38, p. 365, Apr. 21, 
1905. 

Test of Concrete Bridge Floors. Eng. Rec, v. 52, p. 104, 
July 22, 1905. 

Reinforced-concrete Structures for Railroads. By A. O. 
Cunningham. Eng. Rec, v. 52, p. 491, Oct. 28, 1905. 

Proposed Concrete Floors for Railway Bridges and Tracks. 
By J. W. ScHAUB. Eng. News, v. 54, p. 460, Nov. 2, 1905 ; 
R. R. Gaz., V. 39, p. 426, Nov. 3, 1905. 

Reinforced-concrete Floors for Through-truss Spans. R. R. 
Gaz., V. 42, p. 339, Mar. 15, 1907. 

Solid Floor for Plate-girder Spans. Eng. Rec, v. 56, p. 185, 
Aug. 17, 1907. 

Double-track Work through Eagle River Canyon, Denver and 
Rio Grande Railroad. Eng. Rec, v. 56, p. 533, Nov. 16, 1907. 

Waterproofing a Solid-floor Bridge. Eng. Rec, v. 59, p. JJ^ 
Jan. 16, 1909. 
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Protected Steel and Concrete Highway Bridge. Eng. Rec, 
V. 59, p. 204, Feb. 20, 1909. 

Steel Highway Bridge with Concrete Stringers and Floor 
Slabs. Eng. Rec, v. 59, p. 334, Mar. 20, 1909. 

Big Four Track Elevation at Indianapolis. Ry. Age Gaz., 
V. 46, p. 890, Apr. 23, 1909. 

Special Track Elevation Bridges in Chicago. Eng. Rec, v. 60, 
p. 549, Nov. 13, 1909. 

SOLID FLOORS IN BEAM BRIDGES. 

Improvements on the Cleveland Division of the Baltimore 
and Ohio Railroad. R. R. Gaz., v. 38, p. 220, Mar. 17, 1905. 

Kansas City Topeka Double-track Work of the Union Pacific. 
R. R. Gaz., V. 39, p. 540, Dec 8, 1905. * 

Short-span Bridges on the Baltimore and Ohio Railroad. 
Eng. Rec, v. 53, p. 744, June 16, 1906. 

Chicago Terminal Transfer Track Elevation. Ry. Age Gaz., 
V. 45, p. 1052, Oct. 2, 1908. 

Standard I-beam Railroad Bridges over City Streets. Eng. 
Rec, v. 62, p. 316, Sept. 17, 19 10. 

Kensington Avenue Bridge, Buffalo. Eng. Rec, v. 62, p. 465, 
Oct. 22, 1910. 

Protected I-beam Bridge over Railroad Tracks. Eng. Rec, 
v. 64, p. 67, July 15, 191 1. 

Art. 48. Solid Floors in Plate-girder Bridges — 

References. 

The following references relate to descriptions and illustrations 
of various types of solid floors in plate-girder bridges for both 
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railroads and highways. For convenience, those on reinforced- 
concrete floors are grouped together. 

Three-track Beam-floor Girder Bridge. Eng. Rec, v. 49, 
p. 770, June 18, 1904. 

Southwestern Avenue Boulevard Nine-track Viaduct in Chi- 
cago. Eng. Rec, v. 51, p, 484, Apr. 29, 1905. 

Chew Street Double-track Plate-girder Bridge at Walnut 
Lane. Eng. Rec, v. 51, p. 498, Apr. 29, 1905. 

Wabash River Bridge at Terre Haute, Ind. By M. A. Howe. 
Eng. News, v. 55, p. 273, Mar. 8, 1906. 

Special Details of a Long Plate-girder Span. Eng. Rec, v. 53, 
p. 718, June 9, 1906. 

Short-span Bridges on the Baltimore and Ohio Railroad. 
Eng. Rec, v. 53, p. 744, June 16, 1906. 

Grade-crossing Removal of the Philadelphia and Reading 
Railroad in the City of Philadelphia. Eng. Rec, v. 58, p. 48, 
July II, 1908; Eng. News, v. 60, p. 96, July 23, 1908 ; Ry. Age 
Gaz., V. 45, p. 612, July 31, 1908. 

Short-span Bridges over City Crossings. Eng. Rec, v. 60, 
p. 50, July 10, 1909; p. 74, July 17, 1909. 

Six-track Short-span Solid>floor Bridge. Eng. Rec, v. 60, 
p. 109, July 24, 1909. 

Harlem River Branch Improvements, New York, New Haven 
and Hartford. Ry. Age Gaz., v. 48, p. 186, Jan. 28, 1910 ; p. 257, 
Feb. 4, 1 9 10. 

Protected Plate-girder Railroad Bridge. Eng. Rec, v. 63, 
p. 671, June 17, 191 1. 

Danble-track Skew Bridge with Solid Floor. Eng. Rec, v. 64, 
p. 226, Aug. 19, 1911. 
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REINFORCED-CONCRETE FLOORS. 

Forest Park Bridge of the Wabash at St. Louis. R. R. Gaz., 
V. 37, p. 488, Oct. 28, 1904; Eng. Rec, v. 50, p. 549, Nov. 5, 
1904; Eng. News, v. 52, p. 431, Nov. 17, 1904. 

Lawrence Street Bridge, Denver. Eng. Rec, v. 52, p. 638, 
Dec. 2, 1905. 

Colfax Avenue Bridge, South Bend, Ind. Eng. Rec, v. 53, 
P- 793» June 30, 1906. 

Bay Ridge Improvement Bridges. Eng. Rec, v. 54, p. 181, 
Aug. 18, 1906. 

Reinforced-concrete Floor for Plate-girder Deck Bridges, 
C. C. C. & St. L. Ry. Eng. News, v. 57, p. 539, May 16, 1907. 

Six-track Solid-floor Plate-girder Bridge. Eng. Rec, v. 55, 
p. 728, June 22, 1907. 

Rex-red Cliff Double-track Construction on the Denver & 
Rio Grande R. R. Eng. News, v. 58, p. 543, Nov. 21, 1907. 

Sixth Street Viaduct, Kansas City. By E. E. Howard. 
Trans. Am. Soc C. E., v. 65, p. 42, Dec, 1909. 

109-foot Concrete-floor Plate-girder Bridge. Eng. Rec, 
v. 61, p. 662, May 21, 1910. 

Kensington Avenue Bridge, Buffalo. Eng. Rec, v. 62, 
p. 465, Oct. 22, 1910. 

Walpole Bridge. Eng. Rec, v. 62, p. 545, Nov. 12, 1910. 

Calvin Street Bridge, Buffalo. Eng. Rec, p. 62, p. 732, 
Dec. 24, 1910. 

Art. 49. Plate-girqer Bridges — References. 

The following references relate to descriptions and illustra- 
tions of the characteristic features of plate-girder bridges con- 
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structed since 1900 and which have the ordinary type of open 
floor. A careful study of these articles ♦will familiarize the 
student with many important features of recent practice in plate- 
girder design and construction. 

DECK RAILROAD BRIDGES. 

Northern Pacific Standard Bridge Plans. By Ralph Mod- 
JESKL Jour. W. Soc. Engrs., v. 7, p. 51, Feb., 1901. 

Janesville Bridge. Eng. Rec, v. 44, p. 6, July 6, 1901. 

Standard Plans for Bridges on the Atchison, Topeka & Santa 
Fe Ry. Eng. News, v. 49, p. 482, May 28, 1903; Eng. Rec, 
V. 48, p. 598, Nov. 14, 1903. 

Large Plate-girder Bridge on the Erie. R. R. Gaz., v. 36, 
p. 345, May 6, 1904; Eng. News, v. 51, p. 166, Feb. 18, 1904; 
Eng. Rec, v. 52, p. 324, Sept. 16, 1905. 

lOO-foot Plate-girder Span with Unusual Bearings. Eng. 
Rec, V. 51, p. 46, Jan. 14, 1905. 

Standard Bridges on the Harriman Lines. R. R. Gaz., v. 38, 
pp. 248, 278, 310, 328, 347, 370, 389, Mar. 17, 24, 31, Apr. 7, 
14, 21, 28, 1905. 

Pine Creek Long-span Plate-girder Bridge. Eng. Rec, v. 51, 
p. 530, May 6, 1905. 

Some Deck Plate-girder Bridges on the New York, New 
Haven & Hartford R. R. Eng. Rec, v. 52, p. 386, Sept. 30, 
1905. 

Standard Plate Girders on the Chicago, Milwaukee & St 
Paul Ry. Eng. Rec. v. 53, p. 74, Jan. 20, 1906. 

122-foot Four-track Plate-girder Span. Eng. Rec, v. 53, 
p. 60s, May 12, 1906. 

Warehouse Point Bridge of the New Haven R. R. Eng. 
Rec, V. 55, p. 520, Apr. 27, 1907. 
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Long Plate-girder Bridge, Towanda, Pa. Eng. Rec, v. 56, 
p. 522, Nov. 9, 1907; Eng. News, v. 59, p. 113, Jan. 30, 1908. 

Shenango River Bridge, Pittsburg & Lake Erie Railroad. 
Eng. Rec, v. 59, p. 155, Feb. 6, 1909. 

THROUGH RAILROAD BRIDGES. 

Northern Pacific Standard Bridge Plans. By Ralph Mod- 
JESKL Jour. W. Soc. Engrs., v. 7, p. 51, Feb., 1901. 

A 103-ton Plate Girder. Eng. Rec, v. 43, p. 102, Feb. 2, 
1901. 

Standard Plans for Bridges on the Atchison, Topeka & Santa 
F6 Ry. Eng. News, v. 49, p. 482, May 28, 1903 ; Eng. Rec, 
v. 48, p. 598, Nov. 14, 1903. 

Bridge on Yellow Creek; Lake Erie, Alliance & Wheeling 
Ry. Eng. News, v. 51, p. 168, Feb. 18, 1904. 

Improvement of a Plate-girder Bridge at Hartford, Conn. 
By H. R. Buck. Eng. News, v. 51, p. 276, Mar. 24, 1904. 

Plate-girder Approaches of the Clairton Bridge. Eng. Rec, 
V. 49, p. 383, Mar. 26, 1904. 

Long-span Double-track Plate-girder Bridge. Eng. Rec, 
v. 49, p. 491, Apr. 16, 1904. 

Bethlehem Junction Bridge. Eng. Rec, v. 51, p. 68, Jan. 21, 
1905. 

Some Through Plate-girder Bridges, New York, New Haven 
& Hartford R. R. Eng. Rec, v. 52, p. 407, Oct. 7, 1905. 

Standard Plate Girders on the Chicago, Milwaukee & St. Paul 
Ry. Eng. Rec, v. 53, p. 74, Jan. 20, 1906. 

Plate-girder Spans on the Chicago, Burlington & Quincy R. R. 
Eng. Rec, v. 53, p. 191, Feb. 17, 1906. 
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Shallow Double-track Bridge Floor. Eng. Rec,, v. 63, p. 307, 
Mar. 18, 1911. 

RAILROAD AND HIGHWAY BRIDGES. 

Types and Details of Bridge Construction. Part II. Plate 
Girders. Examples of Constructed Railroad and Highway 
Spans. By Frank W. Skinner. New York, 1906. 412 pages 
with numerous illustrations of details. 

Note. — Pages 144 and 145 are left blank. 
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CHAPTER VII. 

DESIGN OF A PLATE-GIRDER BRIDGE. 

Art. 50. Specifications. 

Let it be required to design a deck plate-girder bridge for a 
single-track railroad, the span being 80 feet between centers of 
supports. The bridge is to be located on a straight track, and 
its material, with the exception of the rivets and the track, is to 
be medium steel. 

In order to avoid the inconvenience to the student of continu- 
ally referring to other pages while following the computations 
required for the design, the specifications will not be printed 
separately, but will be given in the text as needed. That the 
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Fig. 66. 

Student may gain some familiarity with the range of variation in 
modem specifications relating to some of the details, according 
to a number of the leading standard specifications for steel rail- 
road bridges, references will sometimes be made to such varia- 
tions before adopting the respective requirements. 

The live load is to consist of two consolidation locomotives and 
a train, as shown in Fig. 66, or an alternative load of 120000 
pounds, equally distributed on two pairs of driving wheels, spaced 
6 feet center to center. The above loading is known as Cooper*s 
Standard} Class £ 50^ and equals the 1900 standard of the Lehigh 
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Valley Railroad for its main line, with the exception of the 
alternative load, which is slightly different. It is also the 1901 
standard of the Baltimore and Ohio Railroad. 

The allowance for impact due to the live load is that recom- 
mended by Waddell, the coefficient of impact being 

/ =: 40o/(Z + 500), 

in which L is the length in feet of that portion of the span which 
is covered by the live load when the maximum stress under con- 
sideration is produced, and / is the percentage by which the 
maximum live load stress is to be increased. 

Art. 51. Depth and Spacing. 

A comparison of a number of recent designs of plate girders 
for some of the principal railroads shows a variation in the depth 
from one-tenth to one-twelfth of the span. In one case, where 
the span is over 125 feet, the depth is only one-fourteenth of the 
span ; and in a few others the limitations imposed by track ele- 
vation led to the adoption of the same relative depth. There are 
also a few cases of very short spans in which the depth is one- 
eighth or one-ninth of the span. The average ratio of the depth 
to the span is found to be the reciprocal of 10.5. 

Some specifications state that the depth of a plate girder shall 
preferably be not less than one-tenth of the span, and others 
substitute the fraction of one-twelfth, while many make no refer- 
ence to the subject 

An interesting formula, deduced by Henry Szlapka, for 
finding the economic depth of plate girders, was published in 
Engineering Record, vol. 35, page 363, March 27, 1897. The 
economic depth was found to vary from one-seventh to one-ninth 
of the span under the conditions and assumptions mentioned in 
the article. 
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The spacing of deck girders, center to center, ranges from 5 
to 9 feet. Comparatively few are spaced less than 6^ feet apart, 
and the larger girders are spaced in proportion to their depth. 
Waddell's rule makes it the nearest even foot to one-tenth of 
the span. Although in some deep girders the spacing slightly 
exceeds the depth, in general it is somewhat less, the difference 
rarely exceeding 6 inches. For the design in this chapter let 
the depth of the web plate be taken as 7 feet and the spacing 
of the girders as 8 feet A discussion of the economic depth 
may be f oimd in Art. 66. 

Through girders must be spaced so as to provide the necessary 
clearance specified, although in track elevation, where the bridges 
must carry many tracks at the standard distance of 13 feet apart 
between center lines, they have been spaced at the same dis- 
tance. The usual spacing ranges from about 14^ feet for short 
spans to 17 feet for long spans for a single-track bridge. 

Art. 52. The Wooden Floor. 

The floor usually consists of cross-ties of rectangular section, 
notched at least J inch over the flange of each supporting girder, 
certain ties being secured to each flange by a |-inch hook bolt. 
Practice varies by making this attachment apply respectively 
to every tie, to alternate ties, or to every third, fourth, or fifth 
tie. The space between cross-ties is not generally to exceed 
6 inches nor to be less than 5 inches. 

Outer guard timbers 6 by 8 inches are laid flat and parallel 
to the track rails and notched one inch over every cross-tie, 
to hold them in their relative positions longitudinally. Their 
attachment to the cross-ties by f-inch bolts varies in practice in 
the same manner as that noted above for securing the ties to 
the girders. The guard timbers are spliced over a tie by a half- 
lap joint 6 inches long, and a bolt must be passed through the 
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splice to secure the ends of both timbers to the tie. The inner 
face of the guard timber is placed anywhere between 1 1 inches 
from the gage side of the rail head to 5 feet 4 inches from the 
center of the track. It should be placed near the end of the 
standard 12-foot tie. 

Sometimes inner guard timbers are placed with a clearance 
of 6 to 10 inches between them and the rail heads, either with 
or without angle irons to protect the outer edges, but more 
frequently old track rails are employed as the inner or true 
guard rails. 

The alternative loading given in Art. 50 causes the greatest 
stress in the cross-ties. The load on one wheel is 30 cxx) pounds, 
and it is customary to regard this load as distributed over three 
cross-ties. The live load for one tie is therefore 10 000 pounds 
and the impact 8000 pounds. Assuming the weight of the 
track at 450 pounds per linear foot, and that one tie will carry 
a length of track of ij feet, it will be sufficiently precise to 
regard this entire load as concentrated at the track rails. The 
cross-tie then acts as a beam whose supports are 96 inches 
apart and carrying two equal and symmetrically placed concen- 
trated loads 59 J inches apart, each of which is 18 280 pounds. 

For a long-leaf yellow pine cross-tie a unit stress of 2000 

pounds per square inch in the outer fiber may be taken when 

the effect of impact is considered. If b be the breadth, and d 

the depth of the cross-tie, and the bending moment is equated 

to the resisting moment, both being expressed in pound-inches, 

there follows 

333 600 = 2000 b(fl/6, 

whence bd^ = ioc». To determine the breadth, let the safe 
bearing on the side of the fiber be taken at 400 pounds per 
square inch. The bearing area required is then 18 280/4CX) 
c= 45.7 square inches, and if the width of the base of the rail 
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be 6 inches, the breadth b must be 8 inches. The net depth is 
therefore 11.2 inches, making the gross depth n. 7 or 12 inches. 
Since the notch in the cross-tie is so near the section under 
the track rail, only the net depth can be used in computing the 
strength under flexure. On account of the variation in the total 
thickness of cover plates, cross-ties 13 inches deep may be 
required near the ends of the girder. 

Let the cross-ties be spaced 6 inches in the clear, and every 
alternate one bolted to the girder flange and the wooden guard 
rail respectively. At 3| pounds per foot, board measure, the 
weight of one tie 12 feet long is 360 pounds. This makes the 
weight of the cross-ties 310 pounds per linear foot. The weight 
of rails, splices, guard rails, bolts, spikes, etc., will be assumed 
at 160 pounds per linear foot. 

Art. 53. Web Section. 

Specification. — The rivets used shall be seven-eighths of an inch in 
diameter. The shearing stress in web plates shall not exceed 12 000 pounds 
per square inch ; but no web plate shall be less than f inch in thickness. 

According to the method explained in Part II, Art. 43, the 
maxiftium live-load shear is found to be 155 100 pounds, and 
from the formula for the coefficient of impact given in this 
chapter. Art. 50, the corresponding impact allowance is 107 000 
pounds. 

The net weight of one girder and one-half of the lateral brac- 
ing and cross-frames will be assumed as 45 200 pounds, which, 
with the weight of track at 235 pounds per linear foot for each 
girder, makes the dead load 64 000 pounds, and the dead-load 
shear 32 000 pounds. 

The total vertical shear at the support is then 294 100 
pounds, and for a specified unit shearing stress of 12000 
pounds per square inch the net section of the web must be 
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24.51 square inches, upon the assumption that the shear is uni- 
formly distributed over the sectional area. The actual distribu- 
tion of the shear is illustrated in Art. 59. The minimum 
thickness of | inch allowed by the specification would permit 
only 18 rivets in the entire depth of 84 inches, and is hence in- 
sufficient. A thickness of -^ inch will give a net depth of 56 
inches, and if a diameter of i inch be deducted for each rivet 
hole in the web section, it will allow 28 rivets with an average 
pitch of 3 inches. This thickness will accordingly be used. 

The standard rivet in plate-girder construction has a diam- 
eter of ^ inch when cold, and the diameter of the rivet holes is 
made -^ inch larger, so that the heated rivet can be readily 
inserted. All specifications agree in requiring deductions to 
be made for rivet holes in tension members with diameters 
assumed to be ^ inch larger than that of the rivet before 
driving, but no reference is made to the corresponding deduc- 
tion in members subject to shear. 

It may be added that with the rapidly increasing practice of 
punching the holes smaller than the rivet diameter and then 
reaming the holes after the parts are assembled, or of drilling 
the holes in the solid, the reason which originally led to the de- 
duction of such a large excess for rivet holes is fast disappear- 
ing. When these methods of forming the rivet holes are 
adopted, a clause might well be added in the specification pre- 
scribing the use of the actual net section in the computations. 

Art. 54. Sectional Area of Flanges. 

Since a plate girder under the action of vertical loads is a 
beam, the fundamental formula for flexure applies to it, namely, 

c 
in which M is the bending moment at any section due to the 
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external forces, 5 the unit stress in the outer fiber whose dis- 
tance from the neutral surface is c, and / the moment of inertia 
of the cross-section about the neutral axis. 

In order to transform this equation so as to be convenient for 
the purpose of design, let / be the thickness and A the height or 
depth of the web plate, while A is the area of cross-section of 
each flange, and //j the distance between the centers of gravity 
of the flanges, usually called the effective depth of the girder. 
If the moment of inertia of each flange about its own neutral 
axis be neglected, as it is relatively small, the following expres- 
sion may be written for the moment of inertia of the girder : 



\2/ 12 



S 



Substituting the value of c which is very nearly equal to ^ h, and 

transposing, 

Mh tJ? 



A = 



S/ii^ 6/i^' 



But k^/h is approximately equal to h^, and l^/h^ is approxi- 
mately equal to k, whence 

^"3^ 6' ^'^ 

that is, if the plate girder had solid sections throughout, the 
area of each flange would be less than that required to resist 
the entire bending moment, by an amount equal to one-sixth 
of the section of the web plate. 

Although the gross area of the upper half of the girder 
section may be employed, since it is under compression, only 
the net section of the lower half should be used. The method 
therefore adopted is to design the lower flange, which is sub- 
ject to tension, and then to make the upper flange of the 
same gross sectional area as the lower one. In applying the 
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above formula (i), the last term is interpreted as meaning 
one-sixth of the net section of the web plate. When stiffeners 
or splices are located at or near the section under consideration, 
the net section differs considerably from the gross section. 

If one-inch rivet holes be deducted for -J-inch rivets, one- 
sixth of the net section of the web plate becomes 10.3 percent 
of the gross section when the rivets in the vertical section have 
the minimum allowable pitch of three diameters or 2| inches ; 
1 1. 1 percent for a pitch of 3 inches; 11.9 percent for a pitch 
of 3^^ inches; and 12.5 percent for a pitch of 4 inches, which 
would rarely be exceeded. If, however, the deduction be made 
for the actual rivet holes of fifteen-sixteenths of an inch in 
diameter, the respective percentages will be 11.5 for a pitch 
of 3 inches, 12.2 for a pitch of 3J inches, and 12.8 for a pitch 
of 4 inches. 

Some recent specifications state that one-eighth of the gross 
area of the web plate is to be regarded as effective flange area, 
but the preceding paragraph shows that this allowance is in 
many cases somewhat too large. It is not only desirable on 
theoretical grounds that the resistance of the web plate to 
flexure should be considered in the design, but also for the 
practical reason that it encourages the use of thicker web 
plates and a greater depth where this is not otherwise limited, 
thereby increasing the life as well as the stiffness of the 
structure. 

Turning now to the design under consideration, the bending 
moments due to the live load specified in Art. 50 are found at 
sections five feet apart, according to the method described in 
Part II, Art. 42. The absolute maximum moment due to this 
load is found to be 2 703 cxx) pound-feet at a section 0.2 foot 
from the center, where the moment is practically the same. 
The allowance for impact is i 864 000, and the dead-load 
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moment is 640 000 pound-feet, making the total bending 
moment 5 207 000 pound-feet, or 62 484 000 pound-inches. 

Placing the backs of the flange angles one-eighth inch beyond 
the edges of the web plate and assuming the centers of gravity 
of the flanges to be 1.5 inches less than the distance back to 
back of angles, the approximate effective depth is 84 + 0.25 
— 1.5 = 82.75 inches. For a specified unit tensile stress of 
17CXX) pounds per square inch, and assuming 12 percent of 
the gros3 web section as effective flange area, the required 
net area of the lower flange, 

. 62484000 , 7 O X 

^ =* I7^55ir8^ -(°'" ^ 16 ^ ^4)= 44.42 - 4.41 = 40.01, 

the result being expressed in square inches. 

Art. 55. Composition of the Flanges. 

Specification. — About one-half of the flange section shall consist of 
angles, or else the heaviest sections of angles must be used, and the number 
of cover plates shall be as small as practicable. The cover plates shall be 
of equal thickness or decrease in thickness outward from the angles, and 
shall not extend more than four inches or eight times the thickness of the 
outside plate beyond the outer line of rivets. The net section of the tension 
flange shall be determined by a plane cutting it square across at any point, 
and the greatest number of rivet holes which can be cut by any such plane, 
or whose centers come nearer to it than two and a half inches, are to be 
deducted from the gross section in computing the net area. The com- 
pression flange shall have the same gross section as the tension flange. 

The effective diameter of any rivet shall be assumed the same as its 
diameter before driving; but in making deductions for rivet holes in ten- 
sion members, the diameter of the holes shall be assumed to be one-eighth 
of an inch larger than that of the rivet. 

One-half of the net flange area, determined in the preceding 
article, is 20.35 square inches, and hence either 8" x 6" or 
8" X 8" angles are required. Adopting the latter and observ- 
ing the rest of the above specifications, the flange may be made 
up as follows (see Fig. 67) : 
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2 angles, 8" x 8" x |"; 2(11.44— i-5o)= 19.88 square inches. 
3 cover plates, 18" x ^g"; 3(7.88 - 0.88) = 21.00 

Total net section = 40.88 square inches. 

Two rows of rivets will be required in each leg of the angles, 
the rivets in adjacent rows being staggered, and hence two rivet 
holes must be deducted 



from each angle and 
from each plate, the pitch 
of the rivets at the mid- 
dle of the girder being 
certainly greater than 2^ 
inches. For location of V^ l 

rivet lines see Art. 34. p.' 



I 






The center of gravity 



'•^ 



of this flange section is ^^k-^- 

next computed and found to be 0.815 inch from the backs 
of the angles, while the corresponding distance for the gross 
section of the upper flange is 0.788 inch. The correct effec- 
tive depth is, therefore, 84 4- 0.25 — 1.60 = 82.65 inches, which 
makes the revised flange area required equal to 45.15— 4.41 
=40.74 square inches. As this value does not exceed the net 
section given above, the composition of the flanges needs no 
revision. 

If the section were moved so as to cut the adjacent rivets, 
the distance from the center of gravity of the net section of the 
lower flange to the backs of the angles would be reduced from 
0.815 to 0.705 inch, and the effective depth of the girder 
increased to 82.76 inches. The average value is used by some 
designers. 

In regard to the deduction of rivet holes for net section, one 
specification which is extensively adopted provides that the 
rupture of a riveted tension member is to be considered as 
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equally probable, either through a transverse line of rivet holes 
or through a diagonal line of rivet holes where the net section 
does not exceed by 30 percent the net section along the trans- 
verse line. 

By comparing the revised and provisional flange areas the 
student may gain some idea as to the relative effect of small 
changes in the effective depth or in other items affecting it, and 
thus learn what degrees of precision are required in the various 
computations. As the actual sections of shapes are subject to 
slight variation and there are inaccuracies in workmanship, it 
is sufficient in practice to determine the effective depth to the 
nearest tenth of an inch. 

While angles can be rolled of any thickness between the 
minimum and maximum given in the handbooks, the practice 
is quite extensive to use only standard angles whose thicknesses 
are expressed in full sixteenths of an inch. 



Art. 56. Web Splices. 

Specification. — Whenever practicable, plate girders shall be built with- 
out splices in the web, and when splices are necessary, their number shall be 
made as small as possible. The splice plates and rivets for the splices shall 
be such as to develop in every respect the full strength of the net section of the 
web. the main splice plates extending from flange to flange and having at 
least two rows of rivets on each side of the joints. In addition to these, two 
splice plates shall cover the vertical legs of the angles in each flange. The 
shearing stress on rivets shall not exceed 12000 pounds per square inch of 
section, and the pressure upon the bearing surface of the projected semi- 
intrados (diameter times thickness) of the rivet hole shall not exceed 24 000 
pounds per square inch. 

According to the Carnegie handbook the extreme length to 
which a sheared steel plate 84 inches wide and -5^ inch thick is 
rolled is 380 inches. It will thus be possible to build a girder 
whose span is 80 feet with only two web splices. 
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In Art. 54 it was shown that one-sixth of the net section of 
the web is the equivalent flange area regarded as concentrated 
at the center of gravity of the flange, and which represents the 
share of the web in resisting the bending moment at any sec- 
tion. The web splice must accordingly be designed to transmit 
not only the shear in the section but also its proportionate part 
of the bending moment. This is accomplished with a sufficient 
degree of precision for all purposes of design when the splice 
plates and rivets are arranged to develop the full strength of the 
net section of the web to resist the bending moment only. 

As not less than two rows of rivets are to be placed on each 
side of the joint, the rivets in the lower half of the splice will be 
arranged as indicated in Fig. 68, the pitch in each row when 
considered independently being 4 inches toward the neutral 
surface and 3 inches 
toward the flange, 
thus placing the rivets 
which are the most 
effective closer to- 
gether. The numer- 
als on the right of 
the figure represent 
the distances in inches 
from the rivets to the 
neutrai surface. 

As the web is %lr 

' " Fig. 68 

inch in thickness and 

84 inches deep, and the unit stress in the outer fiber is 17000 
pounds per square inch, the resisting moment of the gross 
section is 

J X 17000 X -^ X 84 X 84 = 8 746 500 pound-inches 
and that of the lower half is 4 373 300 pound-inches. To find the 
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resisting moment of the net section of the web it is necessary to 
deduct that of the diametral sections of the rivet holes in the 
outer row of the splice. Remembering that for members in ten- 
sion the diameter of the rivet holes is to be taken as ^ inch 
greater than that of the rivets before driving, the reduction of 
tensile stress in the web for a rivet hole at a distance from the 
neutral surface equal to that of the outer fiber of the web is 
17000 X I X j'^ = 7440 pounds, while for one at a distance y 
from the neutral surface it is (74407/42) pounds. The moment 
of this stress about the neutral axis is 7440^/42, and the sum of 
the moments for all the rivet holes in the row mn of Fig. 68 is 
74402^/42 = 7440 X 4714/42 = 83s 100 pound-inches. This 
leaves the resisting moment of the net section of the lower half 
of the web equal to 3 538 200 pound-inches. 

With a unit stress of 24 000 pounds per square inch for the 
bearing on the side of the rivets, the allowable bearing of a 
|-inch rivet on the j|^-inch web plate is 24000 X | X -/g =9190 
pounds. The combined strength of the splice plates must equal 
that of the web, but as no metal less than f inch in thickness is 
allowed in good practice except for filling plates, |-inch splice 
plates will be used. Accordingly the bearing of the rivets in both 
splice plates combined is greater than that in the web. The 
rivets are in double shear and with a safe unit stress of 12 000 
pounds per square inch, the value of a ^-inch rivet in double 
shear is 14430 pounds, and hence the bearing in the web 
governs the determination of the number of rivets in the splice. 
As the outer row of rivets is 39^ inches from the neutral sur- 
face, the bearing value of a rivet at the distance y from the 
neutral surface is 91907/39.125, and the moment of the bearing 
is 91907^/39.125. The sum of the moments of the bearing 
values of all the rivets in both rows mn and rs^ exclusive of 
those in the flange, is 

919027^/39.125 = 9190x7359/39.125=1 728500 pound-inches. 
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This result shows that twice as many rows of rivets would be 
required if no other splice plates were employed except those 
connecting that portion of the web which lies between the edges 
of the flange angles. Such an arrangement is not economical, 
since too large a proportion of the rivets are ineffective in 
resisting the bending moment. Let two splice plates 7" x f " ; 
be placed on the vertical legs of the flange angles, in order to ; 
connect those parts of the web plates which carry the highest 
unit stress. It is now required to find how many rivets, through 
these plates, are necessary to make the full strength of the 
splice rivets equal to that of the net section of the web plate. 
The resisting moment to be taken by the rivets through these 
longitudinal splice plates is 3 538 200— i 728 500= i 809 700 
pound-inches, and hence 2^=1809700x39.125/9190=7705 
inches^. Since the squares of 36.125 and 39.125 are 1305 and 
1531 respectively, three rivets in each row are required, making 
2;/2=8so8 inches 2, that is, six rivets are needed on each side of 
the joint as shown in Fig. 68. This number of rivets can trans- 
mit into the flange angles the full tensile strength of these 
splice plates, and hence the number of connecting rivets does 
not need to be increased on that account. However, as the 
rivets, through the vertical legs of the flanges, have the ad- 
ditional duty to transmit an increment of flange stress from the 
web plate to the angles, as will be explained in Art. 59, the 
plates must be extended toward the nearer end of the girder so 
as to contain enough rivets to take both of these stresses, the 
pitch being reduced to one-half the value that would otherwise 
be used. The exact length of the plates will be found in 
Art 59. 

If the vertical shear be taken into account, the bearing value 
of the outermost rivet is reduced from 9190 to 8640 pounds, 
since each rivet must take a shear of 3140 pounds. The allow- 
able tensile stress in the outer fiber is also reduced from 17000 
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to 1 5 800 pounds per square inch, since the total vertical shear 
at the section (12 feet from the middle) is 126 500 pounds, and 
the net section of the web is (84 — 20}^^ = 28 square inches, 
the deduction being for 20 rivets, and the resulting unit shear 
4520 pounds per square inch. (See Mechanics of Materials, 
Art. 105.) On introducing these values in the computations, 
iy^ is found to be 7533 instead of 7705 inches ^ thus requiring 
practically the same number of rivets. The former method, 
which is much simpler than the latter, is therefore sufficiently 
precise, as stated above. 

The outer row of rivets in Fig. 68 is arranged so as to reduce 
the net section of the web as little as possible in that part which 
takes the greatest stress. The resisting moment of the net 
section of the web is 3 538 200/4373 300 = 0.809 times that of 
the gross section, and hence one-sixth of this or 13.5 percent of 
the gross web area may be regarded as equivalent flange area. 
This slightly exceeds the value used in Art. 54; viz. 12 percent. 

Art. 57. Web Stiffeners. 

In a plate-girder web which consists only of a continuous web 
plate there exist at any point compressive and tensile stresses at 
right angles to each other whose magnitudes equal those of the 
vertical and horizontal shear at that point (Mechanics of Mate- 
rials, Art. 143). The lines of the maximum compressive and 
tensile stresses cross each other at right angles at the neutral 
surface, and make angles of 45 degrees with that surface. The 
compressive stresses tend to buckle or wrinkle the web plate, 
while the tensile stresses tend to keep it straight. 

Experience has led to the custom of stiffening the web by 
means of pairs of vertical angles placed on opposite sides of the 
web plate, and riveted together, whenever the clear distance 
between the flange angles is greater than about 50 times the 
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thickness of the web plate. In the specifications this ratio is 
given as 50, 60, or 64, or even as high as 80. These stiffeners 
are usually placed at distances apart not exceeding the depth of 
the girder, with a maximum limit of 5 or 6 feet, the former value 
being more generally specified. 

Formerly the prevailing practice was to space them closer 
together toward the ends of the span as the shear increased, but 
at present the practice of spacing them at uniform intervals 
is very common. No rational theory has been developed upon 
which the design of intermediate stiffeners may be based. 

It is not definitely known to what extent the addition of inter- 
mediate stiffeners modifies the distribution of stresses in the web 
plate of the girder. Although a few experiments have been 
made which, together with observations in the maintenance of 
girders under traffic, throw some light on the subject, it has not 
received the investigation which its importance seems to demand. 
Some of these facts are recorded in engineering periodicals, to 
which references are given at the end of this article. 

The intermediate stiffeners should be able to transmit to the 
web the heaviest concentrated load which may come upon it in 
a deck girder, or the greatest floor beam reaction in a through 
girder. In the example used in this chapter the greatest con- 
centrated load is 30000 pounds, and the addition for impact 
24 000 pounds. With the specified compressive unit stress of 
17000 pounds per square inch, a sectional area of 3.18 square 
inches is required. The leg of the angle which is to be riveted 
to the web plate must not be less than 3^ inches, as |-inch rivets, 
should not be used in a smaller size (Art. 34). Two angles, 
3i" X 3 J" X f ", the thickness being the least allowable, furnish 
much more than the necessary area, but their outstanding legs 
would not give an adequate support to the 8-inch flange angles 
which transmit the load to the stiffeners. The size will therefore 
be increased to 6" x 3J" x |". 
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The end stiffeners must take the vertical shear from the web 
and carry it to the bearing plate. They do not act entirely as 
columns, since the load is distributed along the entire length. 
A somewhat lower working stress should be taken than that for 
simple compression, — say about 15 coo pounds per square inch. 
The sectional area of the end stiffeners must therefore be 
294 100/15 000= 19.61 square inches. Six angles 6" x 3 J" X f" 
will furnish an area of 6 x 3.41 = 20.46 square inches, and may 
hence be adopted. Sometimes it is specified that the projecting 
legs of all stiff ener angles over the end bearings shall be as wide 
as the flange angles permit. This rule would accordingly re- 
quire 7" X 3 J" X f" angles. 

All the stiffeners should be closely fitted to the upper flange 
angles in the deck girders, and the end stiffeners should also be 
fitted to the lower flange angles to secure a full bearing area. 
The lower ends of intermediate stiffeners in deck girders, and 
both of their ends in through girders, require merely a neat fit 
for the sake of appearance, since they transmit no stresses 
directly to the flanges. It should be added that many specifi- 
cations make no distinctions in this respect. The number of 
rivets connecting the end angles to the web is 294 100/9190 = 
32, since the bearing value of a J-inch rivet in a ^"^g-inch web is 
9190 pounds. For the sake of uniformity, which simplifies con- 
struction, the same number of rivets will be used in all the 
stiffeners, and equal to that required in the inner rows of the 
web splice. This will give 3 x 19= 57 rivets, without counting 
those which also pass through the flange angles, and whose duty 
is to carry stresses from the web into the flange. 

In girders of double-track bridges the reaction of the support 
may be so large that a sufficient number of rivets cannot be put 
into the stiffeners. Instead of using wider angles to accommo- 
date two rows of rivets each filler may be widened so as to take 
an extra row of rivets. The number of rivets then required in 



Art. 57. WEB STIFFENERS. 163 

the stiffeners alone is governed by their value in double shear. 
Sometimes a single plate on each side of the web replaces the 
separate fillers under the two or more pairs of end angles. See 
Plate I and Fig. 30. 

The ends of plate girders should be finished with cover plates. 
In deck girders the corners are square, but in through girders 
the upper corner is generally rounded off to a radius which 
ranges from one-half to the full length of the bed plate of the 
support. The upper fiange angles are usually cut just before 
reaching the curve and spliced to angles of reduced thickness 
which extend around the curve and down the ends, although 
sometimes the flange angles themselves are extended down 
to the support (Fig. 46, Art. 44). 

The following articles give some idea of the character of the 
discussions which take place at intervals in regard to the stresses 
in the webs of plate girders and the function of stiffeners : 

Specifications for the Strength of Iron Bridges. By Joseph 
M. Wilson, and discussion by W. H. Burr and E. Thacher. 
Transactions American Society Civil Engineers, vol. 15, pages 
404, 430, 467, June, 1886. 

Vertical or Inclined Stiffeners for Plate Girders. By C. A. 
P. Turner and J. B. Johnson, Engineering News, vol. 33, page 
276, April, 1895. By C. A. P. Turner and J. P. Snow, Engi- 
neering News, vol. 33, page 339, May 23, 1895. By Henry 
Goldmark, Engineering News, vol. 34, page 43, July 18, 1895. 

Thermal Condition of Iron and Steel under Stress, and 
Measurement of Stress by Means of Thermo-electricity. By 
C. A. P. Turner. Proceedings of the Engineers' Society of 
Western Pennsylvania, Sept., 1897. This paper contains the 
results obtained by tests of an experimental girder 10 feet long 
and 2 J feet deep. For a later valuable paper by Turner, see 
Transactions of American Society of Civil Engineers, Aug., 1902. 
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Spacing Stififeners in Plate Girders. By H. T. Beach, En- 
gineering News, vol. 39, page 322, May 19, 1898. By 
Practical Bridge Builder, Engineering News, vol. 40, page 10, 
July 7, 1898. By Joseph M. Wilson and E. Marburg, Engi- 
neering News, vol. 40, pages 89 and 90, Aug. 11, 1898. By 
A. W. Buel, C. A. P. Turner, and Joseph M. Wilson, Engineer 
ing News, vol. 40, pages 154 and 155, Sept. 8, 1898. By F. G. 
Skinner and C. A. P. Turner, Engineering News, vol. 40, pages 
339 and 400, Dec. 22, 1898. By H. T. Beach, Engineering 
News, vol. 41, page 106, Feb. 16, 1899. 

Tests of the Stress in Plate-girder Stiffeners. By F. E. 
Tumeaure. Engineering News, vol. 40, page 186, Sept. 23, 1898. 
This article contains the results of six measurements of the 
stresses in the stiffeners of a 7S-foot plate girder under moving 
load. 

Specifications for Steel Railroad Bridges. Discussion by 
George S. Morison and J. H. Worcester. Transactions Ameri- 
can Society Civil Engineers, vol. 41, pages 184 and 193, 
June, 1899. 

Proposed Specifications for Steel Railway Bridges. By J. W. 
Schaub, and discussion by H. E. Horton and Ralph Modjeski. 
Journal Western Society of Engineers, vol. 5, pages 355, 370, 
and 379, Oct., 1900. 

A Direct Method of Spacing Rivets and Finding the Posi- 
tion, etc., of Stiffeners in Plate Girders. By E. Schmitt. 
With discussion. Transactions American Society Civil Engi- 
neers, vol. 45, page 550, June, 1901. 

Art. 58. Lengths of Cover Plates. 

In accordance with the requirement of some of the leading 
specifications one cover plate on each flange will be extended to 
the end of the girder. The others will be extended at each 



Art. 58. 



LENGTHS OF COVER PLATES. 
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end from 9 inches to a foot beyond the point where theory 
requires them in order to resist the maximum bending moments 
in the girder. 

The combined net area of the two flange angles and one cover 
plate is 26.88 square inches, while the equivalent flange area of 
the web is 13.5 percent of its gross section (Art. 56) or 4.96 
square inches, making the total flange area 31.84 square inches. 
The effective depth is found to be 80.9 inches, and hence the 
bending moment that may be resisted by this section of the 
girder is 17000 x 31.84 x 80.9/12 = 3 649000 pound-feet, and 
this is the value of the maximum moment at 17 feet from the 
support. This location is conveniently found by means of a 
diagram (Fig. 69) whose ordinates represent the maximum bend- 
ing moments due to the live load, impact allowance, and dead 
load. Their values, expressed in kip-feet, are given in the fol- 
lowing table, one kip being 1000 pounds : 

MAXIMUM BENDING MOMENTS. 



Sections. 


5' 


10' 


15' 


20' 


25' 


30' 


35' 


40' 


Live load 

Impact 
Dead load 


690 
476 
169 


1253 
864 

315 


1723 
1 188 

439 


2067 

1426 

540 


2330 

1607 

619 


2523 

1740 

675 


2653 

1830 

709 


2703 

1864 

720 


Total 


1335 


2432 


3350 


4033 


4556 


4938 


5192 


5287 



The combined net area of the flange angles and two cover 
plates is 33.88 square inches, which added to the equivalent 
flange area of the web gives a total of 38.84 square inches. 
The effective depth is 81.9 inches, and the corresponding bend- 
ing moment is 17 000 X 38.84 x 8 1.9/ 12 = 4 506 000 pound-feet, 
which is located at 24' 6" from the support. The approximate 
length of the outer cover plate will therefore be at least 
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2(40' o" — 24' 6")+ 2x9"= 32 feet 6 inches, and that of the 
second cover plate 2(40' o" — 17' o") + 2 x 9" = 47 feet 6 inches. 
The exact lengths of the cover plates will be determined on the 
drawing after the rivets are located in the flanges, and the flange 
splices are located, for it is sometimes necessary to extend one 
cover plate to serve as a splice plate for another one. 




Fi£. 69. 



When the bending moments are determined by means of an 
equivalent uniform load, making the moment diagram a parab- 
ola, the lengths of cover plates may be quickly found either by 
the graphic method given by T. K. Thomson in Engineering 
News, vol. 32, page 148, Aug. 23, 1894, or by the analytic method 
given by C. W. Hudson in the same periodical, vol. 32, page 
278, Oct. 4, 1894. 
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Art. 59. Theoretic Rivet Pitch in Flanges. 

The rivets uniting the web plate to the upper flange of a deck 
girder between any two given sections have two duties to per- 
form: first, to transfer from the flanges to the web whatever 
load rests directly upon the flanges in this division ; and, second, 
to transmit from the web to the flanges the increment of flange 
stress developed between these sections. The required number 
of rivets must then be such as to safely transmit these vertical 
and horizontal stresses when their resultant is a maximum. The 
horizontal component of the resultant is considerably greater 
than the vertical, except near the middle of the span, where in 
many cases the latter may be even greater than the former. 

The maximum difference of flange stress between any two 
sections occurs when the difference between their respective 
bending moments is a maximum, provided the effective depth is 
the same. When the sections are taken a distance apart equal 
to dXy the difference of moments is dM^ and if the entire bending 
moment were resisted by the flanges, the difference in flange 
stress would be dM/h^^ in which //^ denotes the effective depth. 
The increment of flange stress per linear unit is then dM/h^dx, 
which by mechanics equals V/h^, the vertical shear being desig- 
nated by V. This difference is a maximum when the maximum 
values of the vertical shear are inserted in the expression just 
given. Since the web plate, however, resists a part of the bend- 
ing moment, V/h^ must be multiplied by the ratio of the bending 
moment resisted by the flanges alone to the entire bending mo- 
ment. This ratio equals that of the area of the flanges to the 
sum of the flange area and the equivalent flange area of the web 
as explained in Art. 54. The pitch of the rivets, or their spacing 
longitudinally, is then obtained on dividing the resistance of one 
rivet by the value just found. As the rivets connecting the 
web to the flanges are in double shear, the bearing value of a 
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rivet on the web plate will usually be less than the double shear, 
and therefore measures the strength of the rivet to be used in 
the computation. 

The vertical shears whose determination was referred to in 
Art. 53 are given in the following table and expressed in kips, 
the sections being taken 5 feet apart See also Fig. 69. 



1 

Sectiosc - 1 0* 


«• 


10' 


15' 


M' 


25* 


SO' 36' i 40' 


Live load 
Impact 
Dead load 


155. 1 j 139.9 

107.0, 95.1 

32.0 ' 28.0 


120.6 
81.6 
24.0 


104.3 
72.8 

20.0 


89.6 
63.1 
16.0 


76.3 

54-2 
12.0 


64.6' 

46.3 
8.0 


53.3 : 42.1 

38.5 ' 30.7 

4.0 0.0 


Total 


294.1 1 263.0 


226.2 


I97.I 


168.7 


142.5 ■ 1 18.9 


95.8 1 72.8 



The position of the live load which causes the maximum 
shears is such that the first driver of the locomotive (Art 50) is 
just on the right of the section. Its weight on one rail and dis- 
tributed over three ties, which, with the three spaces, cover 
42 inches (Art. 52), is 25 000 pounds. The coefficient of impact 
for the shears varies from about 0.69 to 0.73, and using the 
average value 0.71 for this load, the impact allowance is 17 750 
pounds. The corresponding weight of the track supported by 
one girder is 700 pounds, making a total load of 43 450 pounds, 
or 1035 pounds per linear inch. 

At section o', which is at the support, each flange is com- 
posed of two angles and one cover plate (Art. 58), and accord- 
ing to the method given above the increment of flange stress 
per linear inch resisted by the flange alone is 

26.88 294 100 ^^^^ , 

TTT: ' '^;77r == 3069 pounds. 
31.84 80.9 

The ratio 26.88/31.84 refers to the tension flange, having been 
used in Art. 58, but it may be applied to the compression flange 
as being sufficiently exact for this purpose. 
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The resultant of 3069 and 1035 pounds is 3236 pounds per 
linear inch, and the required pitch is 9190/3236= 2.84 inches, 
since the bearing value of a |-inch rivet in a -j'^-inch web plate 
is 9190 pounds. 

In a similar manner the pitch is determined at each of the 
sections, the results laid off as ordinates in Fig. 70, and a curve 
drawn through their extremities. This diagram gives the theo- 
retic pitch at every point in the half span. The horizontal lines 




pig. 70. 

show that the pitch is 3 inches at 2.7 feet, 4 inches at 15 feet, 
5 inches at 25.2 feet, and 6 inches at 33 feet from the center of 
the support. 

If the vertical component of the rivet stress be neglected, 
the theoretic rivet pitch in the lower flange is obtained, that at 
the end of the girder being 2.99 inches, and at the middle 1 1.69 
inches. A comparison of these values with those found for the 
upper flange indicates the direct influence of the load supported 
by the flange, on the pitch of the rivets. 

The rivets connecting the angles and the cover plates must 
transmit that portion of the flange stress which is taken by the 
cover plates. These rivets are in single shear, and hence the 
strength of a rivet is measured by its value in single shear, 
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t Cover Plate /Sx^ 



which is less than the bearing in either the cover plate or the 
angle. The value in single shear of a |-inch rivet at I2 0CX> 
pounds per square inch is 7220 pounds. The proportions of 
flange stress taken by one, two, and three cover plates respec- 
tively are approximately 26, 41, and 51 percent. The rivet 
pitches at the end of the girder, and at the points where the 
second and third (or outer) cover plates terminate theoretically 
(see Fig. 69, Art. 58), are found to be 9.1, 9.1, and 8.9 inches 
respectively. 

For the purpose of comparison the rivet pitch at the end of 
the girder will also be determined by means of the horizontal 
shear. The direct effect of the vertical load on the flange rivets 

will be omitted in this 
comparison, as it does 
not affect the result. 

On the left of Fig. 71 
is shown a vertical sec- 
tion of the upper half 
of the girder at the 
support, and on the 
right is a diagram whose 
abscissas represent the 
horizontal shear per 
linear inch, the values 
being computed (see 
Mechanics of Materials, 
Art. 108) upon the as- 
I sumption that the cover 
Pounds per Linear /nch plate, angles, and web 

** ^'' plate are all parts of a 

single piece of solid metal. This assumed condition is evidently 
not equal in some respects to that of the girder, in which these 
parts are riveted together. The horizontal shear in a horizontal 




Neutral Surface 
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section taken midway between the two lines of the flange 
rivets is thus found to be 2714 pounds per linear inch. 

If the shea^r between the flange and the web be computed by 
substituting in the formula the moment of the entire section of 
both angles as well as of the cover plate, and omitting entirely 
any part of the web between the angles, the value of the hori- 
zontal shear per linear inch is 2988 pounds. This value is 
observed to be somewhat less than the horizontal shear in the 
web plate directly adjacent to the flange angles and greater 
than the shear midway between the rivet lines obtained under 
the previous assumption, and it probably corresponds more 
closely to the actual condition of the girder. The resulting 
pitch is 9190/2988 = 3.08 inches, while that found by the other 
method is 2.99 inches, or about three percent less. If, how- 
ever, in the other method the gross sections be used instead of 
the net sections, the resulting pitch is 3.03 inches, or only 1.6 
percent less, and thereby indicates the magnitude of the error 
involved in the approximation made in deducing the formula in 
Art. 54. 

The horizontal shear just below the flange angles is 84.5 per- 
cent of that at the neutral surface, while the average value of 
the horizontal shear for the entire section is 3483 pounds per 
linear inch, or 89 percent of that at the neutral surface. This 
value is also laid off in the diagram for comparison. Below 
the flange angles the abscissas represent not only the magni- 
tudes of the horizontal shear per linear inch, but also the equal 
magnitudes of the vertical shear at the respective distances 
from the neutral surface. If it be assumed that the entire 
vertical shear is resisted by the web plate alone, the average 
vertical shear per linear inch is 294 100/84 = 3Soi pounds, or 
89.5 percent of the shear at the neutral surface. These values 
show how slight is the error involved in this assumption, and 
that if a proper allowance be made in adopting the safe unit 
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stress, the net area of the web section may be found with suffi- 
cient accuracy by assuming the shear to be uniformly distributed. 

The length of the longitudinal splice plates for the web (Art. 
56) may now be determined. The theoretic pitch of the flange 
rivets at the joint is over 5 inches, while the adopted pitch in 
this part of the span is 5 inches, and hence the pitch will be 
reduced near the joint to 2 J inches. If the plates be extended 
to the left 29 inches, they will contain 1 1 rivets, 5 J of which are 
required for the stress due to the web splice, and the remaining 
S^ for the increment of flange stress. Theoretically the plates 
need not extend an equal distance to the right of the joint, or 
toward the middle of the girder, but only far enough to contain 
6 rivets, unless more are required to transmit their stress into 
the angles by single shear. If 6 rivets are used, they will 
develop the net strength of the plates. The total length of the 
plate will therefore be 29 + .16J = 45^ inches. 

In a plate girder where side plates or vertical flange plates 
are placed between the angles and the web, all the rivets 
through the side plates, whether passing also through the 
angles or not, may be counted in the number necessary to 
take the horizontal flange increment out of the web plate. 
To determine the number of rivets which must also pass 
through the vertical legs of the angles it must be consid- 
ered that they shall provide sufficient strength in double shear 
to transmit that portion of the increment of flange stress 
which is to be taken by the angles and cover plates. The 
double shear will govern in this case, since its value will be less 
than their bearing either in both angles or in the combined web 
and side plates. 

For a flange of the composition shown in Fig. 35 the riveting 
should be so designed as to transfer the increment of flange 
stress from the web to the several shapes composing the flange 
in the most direct manner. 
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A purely graphic method of determinmg the rivet pitch is de- 
scribed in a paper by E. Schmitt in the Transactions of the Ameri- 
can Society of Civil Engineers, vol. 45, page 550, June, 1901. 
In the discussion of this paper C. B. Wing gives a series of 
diagrams for the solution of the same problem, covering a wide 
range of unit stresses and of the other factors involved. 

The practical considerations which affect the spacing of the 
rivets both longitudinally and transversely are given in the next 
article. 

Art. 60. Location of Flange Rivets. 

Specification. — The pitch of rivets shall not be less than three diameters 
when on the same line, nor less than two and one-half times the diameter 
when staggered. The pitch in the direction of the stress shall never exceed 
six inches, nor sixteen times the thickness of the thinnest outside plate. 
When two or more thicknesses of plate are riveted together in compression 
members, the outer row of rivets shall not be more than four diameters from 
the side edge of the plate. No rivet-hole center shall be less than one and 
a half diameters from the edge of a plate, and, whenever practicable, this 
distance is to be increased to two diameters. 

If the theoretic pitch at the end of the girder be less than 
that required by the specification, the thickness of the web must 
be increased accordingly. Sometimes three and one-half diam- 
eters is specified as the minimum pitch in one line. The smallest 
angle that will admit two rows of -J-inch rivets is 5 inches 
(Art. 34), but the rivets in flange angles are usually placed in a 
single row whenever the vertical leg of the angle is less than 
6 inches. While occasionally a single row is used in 6-inch 
angles, it is expressly forbidden in some specifications. In 
8-inch angles it is customary to use two rows, but sometimes 
three rows are inserted. The location of the pitch lines or rows 
of rivets is given in Art. 34. 

In order to facilitate shop work, the pitch of rivets in deck- 
plate girders is increased in regular groups from the minimum 
required at the ends to the maximum near the middle, the 
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number of changes being few. The object of limiting the maxi- 
mum pitch according to the specification is to secure a close fit 
in construction. The pitch is made the same in both upper and 
lower flanges for economy in manufacture. No change in pitch 
should be made between two adjacent stiff eners unless necessi- 
tated by a flange splice. The spacing in the flange angles must 
be slightly modified at the location of the stiff eners so as to give 
sufficient clearance during construction. In through girders the 
pitch is uniform in each panel. 

In the deck girder whose theoretic rivet pitch was determined 
in the last article the end pitch may be taken as 3 inches, since 
the pitch was found to be only slightly less in a distance of 
2.7 feet from section o', or the center of the support, while a 
number of extra flange rivets may be placed in the foot or so 
which the girder extends beyond that section, and which will 
more than make up for the difference in pitch. As Fig. 70 
shows that the maximum allowable pitch of 6 inches may only 
be extended to 7 feet on each side of the middle, it is preferable 
to omit that pitch and employ the 5-inch pitch for i S feet from 
the middle. This arrangement will then leave only one inter- 
mediate pitch, that of 4 inches. 

This specification permits two lines of rivets to be used to 
connect the cover plates to the angles, when the angles are 6 
inches or less in width, but usually requires four lines of rivets 
when the cover plates are more than about 14 inches wide. If 
in order to keep down the number of plates it is necessary to 
widen them beyond the limits already indicated, it is best to 
increase the width sufficiently to allow a row of rivets on each 
side outside of the flange angles. 

At the ends of cover plates the pitch should be reduced for 
a short distance so as to reduce the tendency to overstrain 
the rivets on account of the sudden change in flange section. 
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A sufficient number of rivets to transmit tne full stress for 
which the plate is designed may be placed at the end of the 
plate with the smaller pitch. Sometimes this pitch is limited to 
the minimum used in the flange. 

When only one row of rivets is used in each leg of the angles, 
the horizontal and vertical rivets should stagger, but when two 
rows of rivets are used in each leg of the angles, the adjacent 
rows in one angle, whether both are in one leg or not, should 
stagger. This arrangement places the rivets in the outer row 
of the horizontal leg of the angle opposite to those of the upper 
row of the vertical leg. Sometimes those in both rows of one 
leg are placed opposite points which are intermediate between 
the adjacent rivets of both rows in the other leg, but this is 
objectionable on the ground of reducing the net section through- 
out the span, except near the middle where the pitch is but 
slightly less, or equal to, the maximum allowed. 

In the example given, it was found that the theoretic pitch 
for the rivets through the cover plates and angles is about 9 
inches, which exceeds the maximum allowed. As these rivets 
must be spaced with regard to those through the vertical legs of 
the angles, the pitch must either be equal to theirs, or just twice 
as great, provided the resulting value does not exceed 6 inches. 
The values to be adopted can therefore be determined in accord- 
ance with these statements after the flange and web splices, 
ends of cover plates, and stiffeners are located on the drawing. 

It should be added that a few specifications, including those of 
Waddell, direct that the flanges of girders carrying the vertical 
load from the ties shall have their rivets spaced uniformly from 
end to end and at the minimum distance employed. 

Art. 61. Flange Splices. 

Specification. — Splices in flange plates and angles must always be avoided 
when sufficiently long plates and angles are procurable, which will always be 
the case unless the span be abnormally long. Where flange splices are un- 
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avoidable, they must be so located that no two pieces of either the flange or the 
web shall be spliced within two feet of each other, and so that no flange and 
web splice shall occur at any point where 'there is not an excess of sectional 
area above the theoretical requirements. 

The saving in the cost of splices will usually compensate for 
the extra price which may be demanded for plates and angles 
of the greatest length obtainable. The object of distributing 
the splices in the different pieces, and of not allowing any flange 
splice to come too near a web splice, is to avoid abrupt changes 
in section which interfere with the proper distribution of stresses 
in the different members. 

As the web splices occur at 1 2 feet from the middle of the 
girder, and the outer cover plate extends a few feet farther each 
way (see Fig. 69, Art. 58), the two angles will be spliced between 
the center of the girder and the two web splices respectively. 
The first cover plate will be spliced at two points, so that the 
second coVer plate may be extended sufficiently to serve at each 
end as a splice plate. 

Each of the 8" x 8" x |" angles has a net area of 11. 44 — 1.50 
= 9.94 square inches, and is to be spliced by an 8'' x 8" angle 
cut down so as to fit the face of the flange angle, and to have at 
least the same area. This requires the angle to be seven-eighths 
of an inch thick, and each leg cut down to about 7J inches. As 
the value of a -|-inch rivet in single shear is 7220 pounds, 24 
rivets are required to connect the splice angle on each side of 
the joint. With a pitch of 2.]- inches, which is the minimum 
allowed without reducing the net section of the flange (Art. 55), 
the length of the splice angle is a little over 5 feet. This 
would interfere with at least one pair of stiffeners, and hence it 
is desirable to reduce the length, which can be done by reducing 
the thickness of the splice angle to nine-sixteenths of an inch, 
and making up the sectional area by placing a 7" x ^^^" flat on 
the vertical leg of the opposite flange angle, as shown in Fig. 72. 
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Fig. 73. 



The flat requires S rivets at each end, and the angle i6 rivets, 
it being remembered that the bearing in the |-inch flange angle 
is greater than the double shear. Accordingly all the rivets in 
the vertical leg of the splice angle also pass through the flat, 
and its length is thereby reduced one-third. It should be no- 
ticed that these splices 
are located at points | 
where there is an 
excess of flange area. 

Let the nearer 
flange angle be spliced 
on the left, and the 
farther angle on the 
right of the middle of 
the girder, the same ar- 
rangement being also 
adopted for the upper flange, and all the splices located, so as 
not to interfere with any stiffeners. 

The net section of the first cover plate is 7.88 — 0.88 = 7 
square inches (Art. 55), and as the second cover plate, which 
has the same section, is to be extended as a splice plate, single 
shear will govern the design of the connecting rivets. The 
number required on each side of the joint is 7 x 17000/7220 
= 17 rivets; but as the rivets are arranged symmetrically in 
pairs, 18 rivets must be used. 

Since the second cover plate is theoretically required at 17 
feet from the end (Fig. 69, Art. 58), and the 4-inch theoretic 
pitch of flange rivets begins at 15 feet (Fig. 70, Art. 59), it is 
desirable to extend the 3-inch pitch over this splice. The sec- 
ond cover plate will then extend to about 1 2 feet 6 inches from 
the center of the support, making its entire length about 55 feet, 
while that of the middle portion of the first cover plate is 50.5 
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feet. These lengths are subject to a slight modification on 
account of the location of the stiffeners, which interfere some- 
what with the regularity of the rivet pitch. 

This extension of the 3-inch rivet pitch, and the use of a 2J- 
inch pitch for about 2 feet at the end of the outer cover plate 
leaves less than 7 feet remaining for the 4-inch pitch. It should 
therefore be considered whether it may not be better to omit 
that pitch altogether. 

Waddell*s specification requires that every non-continuous 
flange piece shall be fully spliced so that the splicing plates 
and rivets shall have a calculated strength at least 25 percent 
greater than that of the net section spliced. Under this 
requirement the computation given above would have to be 
changed accordingly. 

Art. 62. Lateral Bracing. 

Specification. — The lateral bracing shall be proportioned for a static wind 
load of 1 50 pounds per linear foot on each system. The system connected to the 
loaded flanges shall be proportioned also for a moving wind load of 300 pounds 
per linear foot. The compression flanges of the girder shall be so stiffened 
laterally that the unsupported length shall not exceed 12 times the width of 
flange. All members shall be so proportioned that the tensile unit stress 
shall not exceed 17000 pounds per square inch, nor the compressive unit 
stress to exceed 1 7 000 pounds per square inch reduced in proportion to the 
ratio of the length to the least radius of g>Tation of the section, by the 

following formula: p = 17000/1 i + — ^ — ' "2)' ^'^ which p is the permis- 
sible working stress per square inch in compression, / the length of piece in 
inches between centers of connections, and r the least radius of gyration of 
the section in inches. No compression member in the wind bracing shall 
have a length exceeding 120 times its least radius of g}Tation. For members 
of any importance, more than two rivets are to be used for each connection. 
For unit stresses on rivets, see Art. 56. In field riveting the number of 
rivets found by the specified unit stresses shall be increased 25 percent if 
driven by hand, or 10 percent if satisfactory power riveters are used. 
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In the specifications which refer to the spacing of cross- 
frames, its value ranges from 1 2 to 20 feet. In order to make 
them equidistant in an Sofoot span, it is necessary either to 
space them 20 feet, 16 feet, or 13 feet 4 inches. Adopting 
the intermediate distance the panel length of the upper lateral 
system becomes also 16 feet for a Warren type of bracing, and 
may be reduced to 8 feet by adding substruts at every panel 
point. Every alternate substrut is a member of the cross-frame 
or transverse bracing. The upper lateral system holds in line 
the compression flange of each girder. As the cover plates 
are 18 inches wide, the allowable unsupported length is 18 feet 
The substruts which form no part of a cross-frame are there- 
fore not required on this account, but may be inserted in accord- 
ance with the best practice. They will be omitted in the lower 
system. The skeleton diagrams of the upper and lower lateral 
systems are shown in Figs. 73 and 74 respectively. 
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Fig. 74- 



For the specified wind loads the maximum stresses in the 
diagonals are as follows: 5i = ±22 900, 53 = ±i8 200, S^ = 
± 1 3 8(X), S^ = ± 97CX), and Sq=± 5900 pounds. As the double 
signs are due to the wind blowing in opposite directions, and 
the reversals of stress do not take place in rapid succession as 
in stresses due to live load, it is customary not to design the 
lateral system for alternate stresses. 

Since the ratio of the length / of a diagonal to its least radius 
of gyration r is to be limited to 120, the least allowable radius 
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of gyration is 106/120=0.88 inch, and a reference to one of 
the handbooks shows that for a single angle no smaller size 
than 6" X 4" or 5" x 5" can be used. For the former size, in 
which //r is 120, the specified column formula gives an average 
compression per square inch of 7360 pounds, and hence the 
required area of the end diagonal is 22 900/7360 = 3.1 1 square 
inches. The area of a 6" x 4" X |" angle is found to be 3.61 
square inches, while r is 0.88 inch, the value assumed. The 
thickness of this angle is the least allowed, but on account of 
the eccentric end connections of the angle its sectional area will 
probably have little to spare. 

Let an investigation be made to see whether the sum of the 
stresses in the outer fiber, due to both the column action and 
the eccentric connection, falls within the allowable limit of 
17 000 pounds per square inch. First, let the angles be riveted 
to the connecting plates by the 6-inch leg, and let bending in a 
vertical plane be considered. According to the handbook, the 
distance from its center of gravity to the back of the longer 
flange is 0.94 inch, its moment of inertia / about the neutral 
axis parallel to the longer flange is 4.90 inches*, and the cor- 
responding value of the radius of gyration r is 1.17 inches. 
The angle tends to bend so that the concave side is on the 
back of the longer flange, and since //r= 106/1.17 = 91, the 
maximum compressive stress on that side is 

5' = — 5 — ( I + 2 2« ) = 1 1 icx) pounds per square inch. 

3.61 V 11000/ 

The bending moment due to the eccentric connection is 22 900 
X 0.94 =21 500 pound-inches, and by means of the formula 
deduced in Mechanics of Materials, Art. 102, the compressive 
stress in the outer fiber on the same side of the angle which is 
due to this moment is 
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^f, 21 500 X 0.94 ^ , 

5" = 25 2 = S 100 pounds 

^ ^^ 22900x106x106 -^ ^ . 

4-90 T per square inch; 

9.6 X 29 000 000 ^ ^ 

in which 29000000 is the coefficient of elasticity. The total 
stress is therefore 1 1 100+5 100= 16 200 pounds per square inch. 

A similar computation for the second case, when the angles 
are connected by the 4-inch leg, gives 8800 + 6900 =15 700 
pounds per square inch. If, in the first case, the bending 
moment due to its own weight be included, the unit stress is 
increased 200 pounds per square inch. Repeating the com- 
putation for an angle 5" x 5" x f ", the result is 9000 + 5700 
= 14 700 pounds per square inch. The area of both angles 
is the same, and a comparison of the maximum unit stresses 
indicates their relative strength. 

By connecting the other leg of the angle to the connecting 
plate by means of an angle clip, the eccentricity which tends to 
produce bending in a horizontal plane may be eliminated, but 
that for bending in a vertical plane still remains, since the 
entire stress is transmitted by the rivets through the connecting 
plate. Since the eccentricity is very small in the plane in 
which the angle tends to bend as a column, — that is, in a plane 
perpendicular to the neutral axis, with respect to which the 
radius of gyration is a minimum, — this investigation does not 
need to be carried further. It may be noted that the net sec- 
tion of one leg of the angle is sufficient to transmit the tension 
in the end diagonal, as this requirement is sometimes specified 
when only one leg of the angle is attached. Although the 
stresses in the remaining diagonals are less than in those at the 
end of the span, the same size is required throughout, since //r 
is limited to 120. 

The length of the lateral braces which are perpendicular to 
the girders is 82 inches, and hence the radius of gyration must 
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not be less than 82/120 = 0.68 inch. As the stress is only 
1800 pounds, a 3 J" x 3 J" x f" angle will have abundant 
strength. No narrower angle than 3J inches will admit a 
^inch rivet, according to the standard given in Art. 34. The 
conditions already referred to require the same sized laterals to 
be used in the lower system as in the upper one, although the 
stresses are less than one-third as large. 

Since the connecting rivets are in single shear, their shearing 
value will govern, and as the rivets through the laterals are 
field and not shop rivets, their number must be increased 25 
percent for hand riveting. These conditions require 4 rivets in 
the connection of the end diagonal, but an additional rivet is 
needed on account of its eccentricity. This result may be 
tested as follows : The longitudinal shear in each rivet is 
22 900/5 = 4580 pounds. If three rivets be placed in the pitch 
line which is i J inches from the back of the 5-inch angle and 
two rivets in the line which is 2 inches from the other one, the 
center of gravity of the shearing surfaces of the rivets is 1.75 
-f- 0.8 = 2.55 inches from the back of the angle, or 1. 16 inches 
farther from it than the center of gravity of the angle. The 
moment of rotation in the plane of the shearing surfaces, 
caused by the stress in the angle, is therefore 22 900 x 1.16 
= 26 570 pound-inches, and this moment produces a shear in 
each rivet whose value is directly proportional to its lever arm. 
Two of the rivets are 5.1, two are 2.8, and one is 0.8 inches 
from the center of rotation, and if the shear in the most distant 
rivet is P, the moment of the shear in all the rivets is 



(5.r-f-5.r-f-2.8''+2.8^-f-o.8^) P/5.1 pound-inches. 

Equating this to the moment of rotation and solving for P, its 
value is found to be 1980 pounds. The direction of this shear 
is perpendicular to the lever arm of 5.1 inches, while that of the 
shear of 4580 pounds is parallel to the axis of the angle. Their 
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resultant is found graphically to be 5280 pounds. The allow- 
able stress for field rivets is 20 percent less than for shop 
rivets, or 5770 pounds. Five rivets are therefore required. 
The moment of rotation in a vertical plane tends to produce 
tension in some of the rivets, but as the connecting plate bends 
easily in that direction the rivet tension must be small. No 
less than three rivets should be used in connecting any lateral, 
even though that number is not theoretically needed. 

Although the laterals are usually designed to take the wind 
stress only, it should be remembered that their principal duty is 
to resist the lateral vibrations caused by the live load passing 
over the bridge at full speed. In view of the great increase in 
live loads, it is a question whether the assumption that these 
stresses do not exceed those computed for the wind pressure 
leads to a sufficient provision for lateral stiffness. When it is 
considered that these vibrations cause rapid reversals of stress, 
a material increase in lateral stiffness would be secured by treat- 
ing the wind stresses as live-load stresses, and designing the 
laterals for alternate stresses. 

In designing members for alternate or reversed stresses, one 
of the best specifications is to find separately the areas required 
for both tension and compression, and to add three-fourths of 
the smaller area to the larger one in order to obtain the total 
sectional area of the member. The rivets, however, are to be 
computed for the sum of the two stresses. On applying this 
to the lateral system under consideration, the end diagonal 
of the upper system must be increased to ^ inch in thickness, 
the rest remaining unchanged. If clips be used so as to reduce 
the eccentricity of the connections, the numbers of field rivets 
required in the diagonals of the upper system are respectively 
8, 7, 5, 4, and 3. 

In some cases it may be advisable to go a step further and 
increase the stresses by allowance for impact. Practically the 
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same result may, however, be secured by increasing the pre- 
scribed wind pressure. The Atchison, Topeka, and Santa F6 
Railway uses a moving wind load of 500 pounds per linear foot 
and an equal static wind load in its standard designs for plate- 
girder bridges. 

Art. 63. Transverse Bracing. 

The form and composition of the transverse bracing were 
described in Art. 43. The object of the intermediate cross- 
frames is to increase the general stiffness of the bridge, and 
all the angles composing its horizontal and diagonal braces 
will be taken as 3J" x 3J" x f" for the reasons indicated in 
the previous article. Each connection should have three rivets, 
and where the diagonals cross they should be riveted to a small 
connecting plate. 

The end cross-frame must transfer the reaction of the upper 
lateral system to the support. This reaction is 18 000 pounds. 
If it be assumed that one-half of the reaction is transferred 
to the support by each diagonal, the areas required in all the 
members will be less than those of the small angles already 
adopted for the intermediate cross-frames. As it is very 
important that the end bracing shall be rigid, it is best to use 
the larger shapes which are employed in the best practice. 
Each diagonal may be composed of one angle 5" x 3|^" x J", the 
upper horizontal of two angles 3V'x3j"xf", and the lower 
horizontal of two angles 5" x 3 J" X f". (See also Plate J, Art 
69, and the references in Art. 49.) \ 

Art. 64. Bearings at Supports. \ 

The principal types of expansion bearings now in use w\€re 
described in Art. 44. As indicated in that article there cWre 
considerable differences in the specifications with regard to ti\he 
length of span below which sliding bearings and above whicje^h 



L 
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joUer bearings are to be used respectively. Most specifications 
give this span as 75 or 80 feet. A few require rollers when the 
span exceeds 60 feet, while others permit sliding up to 85 or 90 
feet. Several specifications require some form of rocker bear- 
ing or hinge joint for spans from 50 feet to 65 or 70 feet, and 
in exceptional cases even beyond this limit. 

Hinge bolsters should be used in combination with rollers in 
order to secure a uniform distribution of the load on the rollers 
with whatever deflection the girder may sustain under its live 
load. 

The expansion end of the girder shall be free to move longi- 
tudinally for a variation in temperature of 1 50 degrees Fahren- 
heit, but must be anchored against lifting or moving sideways. 

When cast-steel shoes are employed, as in Figs. 51 and 52, 
their design must make the following provisions: Adequate 
bearing area of the vertical ribs on the pin ; a pin of sufficient 
diameter to resist the bending moment produced on account of 
the outer ribs of one shoe being farther apart than those of the 
other shoe ; vertical longitudinal ribs of the necessary strength 
as double cantilevers to carry the load from the stiffeners at the 
ends of the upper shoe to the pin, and in the lower shoe to 
distribute the pin reaction as a uniform load to the rollers ; and 
vertical transverse ribs and bearing plates of ample thickness to 
make the distribution of pressure uniform transversely. These 
ribs have the additional duty of stiffening the longitudinal ribs 
and aiding them to resist any transverse horizontal thrust that 
may be brought upon them in service. If the greatest allow- 
able pressure in pounds per linear inch is specified as /=6oo^, 
in which d is the diameter of the rollers, their aggregate length 
is found on dividing the gross reaction of the girder including 
the shoes by this allowable bearing. The bearing area of the 
bed plate under the rails must be such as not to exceed a safe 



1 86 DESIGN OF A PLATE-GIRDER BRIDGE. ChAP. VII. 

value for the material composing the bridge seat. Where im- 
pact is taken into account, this value may be taken as about 400 
pounds per square inch. Waddell specifies permissible pres- 
sures for ten different materials. 

The anchor bolts at the fixed end must be designed to take 
the combined shear and tension due to the tendency for the cast- 
iron bolsters to slide and overturn when the brakes are applied 
to the train crossing the bridge at full speed. The horizontal 
tractive load thus applied to the girders is to be taken as 20 per- 
cent of the greatest live load that can be placed on the bridge. 

When bolsters are built up of plates and shapes, the saime 
general method of design is followed. Whether two or three 
vertical plates shall be used depends upon the size of the 
girder. Transverse webs should be employed so as to secure 
the proper distribution of loading in that direction, unless this 
can readily be done by bearing plates of moderate thickness 
without too great a stress in flexure. The vertical legs of the 
connecting angles should be wide enough to allow two rows of 
rivets. It is often specified that no bearing plate, bed plate, 
vertical plate, or connecting angle should be less than three- 
quarters of an inch in thickness, and sometimes the minimum 
for the bed plate is made seven-eighths of an inch. No rollers 
less than 3 inches in diameter are allowed, while the best prac- 
tice makes the minimum diameter 4 inches. 

The segmental rollers with parallel sides shown in Fig. 48, 
Art. 44, are the standard adopted by the bridge department of 
the New York Central and Hudson River Railroad. 

For additional information relating to the design of segmental 
rollers see Art. 81. References to the bearing power of friction 
rollers are given in Art. 98. Formulas for the investigation 
and design of cylindrical rollers are deduced in Mechanics of 
Materials, Art. 156, 
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Art. 65. Estimate of Weight. 

The following weights are computed with the aid of the 
tables in a handbook : 

material for one-half of the girder. 

Flanges : 

4 angles, 8" x 8" x }" x 40' 10", @ 38.9 lbs 6354 pounds. 

2 cover plates, 18" x ^" x 40' 10", ' 

2 cover plates, 18" x ^" x 27' 6", @ 26.79 lbs 4533 10866 

2 cover plates, 18" x ^" x 16' 3", J 

Flange splices : 
2 cover angles, 7 J" x 7 J" x A" x 3' 5"> @ 26.6 lbs. . . . . 182 
2 plates, 7" X A" X 3' 5"> @ "3-39 lb® 9' 273 

Web: 

1 plate, 84" x,y'x 28' 9}",! @, 24.96 lbs 5099 5099 

lplate,84"x A"x23'ii}",J^ 4yo™ 5^ 5099 

Web splice : 

2 plates, 13" X f" X 5' 8", @ 16.58 lbs 188 

4 plates, 7" X t" X 3' 8J", @ 8.93 lbs 132 320 

StifFeners : 

24 angles, 6" x 3i" x |" x 6' loj", ©11.7 lbs 1931 

1 angle, 7" x 3i" x ^j" x 6' loi", @ 15 lbs 103 

6i fillers, 3i" x }" x 5' 8", @ 8.93 lbs 329 

2 plates, 20" X }" X 5' 8", @ 51 lbs 578 2941 

I end cover plate, 18" x f " x 7' 4", @ 22.96 lbs 168 168 

Total 19687 



ONE-HALF OF UPPER LATERAL SYSTEM. 

Braces: i angle, 5" x 5" x i" x 9' 4", @ 16.2 lbs 

4 angles, 5" x 5" x f" x 9*4", @ 12.3 lbs 

2I angles, 3I" x 3i" x f" x 6' 10", @ 8.5 lbs. . . . 
10 connecting angles, 5" x 3I" x f '', aggregating 6' 2", @ 10.4 lbs 
16 connecting }" plates, aggregating 22.56 sq. ft., ©15.3 lbs. . 



151 

459 

H5 

64 

345 
1 164 
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ONE-HALF OF LOWER LATERAL SYSTEM. 

Braoes: 5 angles, 5" x 5" x 1" x 9' 4", @ 12.3 lbs 674 

4 connecting angles, 5" x 3}" x f', aggregating 2' 4'', @ 

10.4 lbs 24 

8} connecting {" plates, aggregating 13.72 sq. ft., ©15.3 lbs. 210 

808 

END CROSS-FRAME. 

2 angles, 5" x 3i" x J" x 8' 3", @ 13.6 lbs 224 

2 angles, 3I" x 3.5" x f" x 6' 7i", @ 8.5 lbs 113 

2 angles, 5" x 3J" x j" x 6' 7I", @ 10.4 lbs 138 

4 connecting angles, 7" x 3J" x ^" x i'8f", @ 15 lbs 105 

5 connecting I" plates, aggregating 9 sq. ft., at 15.3 lbs 138 

6 f" washers 5 

423 
INTERMEDIATE CROSS-FRAME. 

2 angles, 3i" x 3i" x f x 8' 10", @ 8.5 lbs 150 

2 angles, 3!" x 3I" x J" x 6' 9", @ 8.5 lbs 115 

5 connecting i" plates, aggregating 4.7 sq. ft., ©15.3 lbs 72 

337 
DEAD LOAD FOR ONE GIRDER, EXCLUDING TRACK. 

I girder, 2 X 19 486 lbs 39 374 pounds. 

i of upper lateral system I 164 

^ of lower lateral system 808 

1 end cross-frame 723 

2 intermediate cross-frames 674 

3036 pairs of rivet heads, @ 0.452 lb I 372 

Gross weight for a length of 81' 8" 44 115 pounds. 

Net weight for a length of 80' (the span) 43 215 pounds. 

The net weight was assumed to be 45 200 pounds, and the 
difference of 1985 pounds is found to be less than one percent 
of the sum of the equivalent live load and the actual dead load. 
The stresses will therefore not require revision. 

The following table gives the weights of the various parts 
of the structure, exclusive of track and pedestals, and the corre- 
sponding percentages of the entire weight : 



Art. 65. 



ESTIMATE OF WEIGHT, 



189 





Weight 


Pbrcbntagb 




IN 


OF 




PotTNDS. 


Total Weight. 


Flanges 


21 772 


1:5} 5«^ 


Flange splioes 


546 


Web 


10 198 


23.1 




Web splices 


640 


1-5 


387 


Stiffeneis and end cover plates 


6218 


14- 1 - 




Half upper lateral system 


I 164 


2.6] 




Half lower lateral system 


808 


1.8 


7.6 


Cross-frames 


1397 


3.2] 




Rivets 


' 1372 


3-1 31 


Total 


44II5 


loo.o 100.0 



As the weight of the girder depends not only upon the given 
loads, but also on the unit stresses and many other details pre- 
scribed by the specifications, it is difficult to deduce a general 
formula for the weight. The above analysis, however, makes 
it possible to estimate the total weight very closely at an early 
stage of the design, for the combined weight of the flanges 
and web plate is 73.2 percent of the entire weight of the girder 
and bracing. This percentage has but a small range for differ- 
ent specifications in combination with a large range of live 
load. 



At first, let the weight per linear foot be assumed as six to 
seven times the span in feet, the larger value being used for the 
heaviest live loads, and then let the web section and the compo- 
sition of the flange be designed in accordance with the specifi- 
cations adopted. The approximate lengths of the cover plates 
may be quickly found by dividing the maximum ordinate of the 
moment diagram in proportion to the respective flange areas, 
and locating the corresponding ordinates. If the weight of 
these items be increased by about one-third, the result will differ 
but little from the final estimate of the weight. 
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Art. 66. Economic Depth. 

It is of interest to observe what absolute as well as relative 
variations in the weight will be obtained by changing the depth 
of the girder. The weight of the flanges varies inversely as the 
effective depth, while that of the web, together with its splices 
and stiffeners, varies nearly as the depth of the web plate for 
relatively small changes in depth, and these two depths differ 
only by amounts ranging from 1.35 inches at the center to 2.1 
inches at the end of the span in this example. Slight changes 
from the economic depth do not appreciably affect the weight of 
the girder, hence these variations in depth should produce about 
equal changes in the weights of the flanges and of the web with 
their respective details. The minimum material results when 
these weights are about equal, as was shown in Art. 11. 

Experience shows that in order to compute the corresponding 
weights for different depths the results will usually be suffi- 
ciently close by assuming the weights of the flanges to vary in- 
versely as the depths of the web plate. For a depth of 96 inches 
the weight of the flanges and their splices will be about (2 1 772 
4- 546)84/96= 19 530 pounds, while the weight of the web and 
its details will be about (10198-1-640-1-6218)96/84=19490 
pounds. This shows that 96 inches, or one-tenth of the span, 
is the depth which requires the minimum material. The reduc- 
tion in the total weight is only about 350 pounds, and the per- 
centages are 44.6 and 44.6 instead of 50.6 and 38.7 given in the 
table in the preceding article. Considerations relating to the 
cost of manufacture and the limitations imposed by required 
clearances and the grade line of the railroad, generally make the 
true economic depth somewhat less than that which gives the 

minimum weight 

Art. 67, Camber. 

The extensive adoption of plate girders for increasing spans 
in recent years has led to the practice of providing a camber sq 
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that when the bridge is loaded the track will not sink below the 
horizontal. According to the standards of the Northern Pacific 
Railway, for a span of about 100 feet the web plates are spliced 
so as to give a camber of one inch before the girders are erected, 
and afterwards the cross-ties are notched so as to leave a camber 
of ^ inch in the finished unloaded bridge. For a span of 80 feet 
these amounts are reduced 25 percent. 

In the track elevation in Chicago, camber was provided in 
some girders of still shorter spans, five-eighths of an inch being 
put into girders of 68 feet span, one-half of which remained in 
the unloaded spans when completed. In some others of the 
same span the initial camber was i J inches and the final camber 
J inch. Some specifications, however, prescribe that plate 
girders shall have no camber. 

Art. 68. Detail Drawings. 

Instead of publishing the general plans of the girder whose 
design, with the exception of a few minor features, is given in 
this chapter, there are shown on Plates I and II in the next 
article the full detail drawings of a girder bridge of the same 
span, this being one of the standard plans of the Northern 
Pacific Railroad. These plates are published by the kind per- 
mission of H. E. Stevens, Bridge Engineer. The plans are 
practically shop drawings, as the full dimensions are given for 
every piece and all the members and rivets are located. 

The student should examine Plate I carefully and note the 
differences between the details shown and those designed in 
this chapter. Special attention is called to the wooden floor 
and its connections ; to the full-length flange angles ; to the 
character and positions of the web splices ; to the modification 
of the rivet spacing in the flanges on account of the stiffeners 
and splices ; to the intersection of the rivet lines of the lateral 
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angles in the web plate of each girder ; to the composition of 
the diagonals in the end cross frame; and to the connection 
by both legs of the horizontal transverse braces to the girders. 

The details of the end bearings, whose complete shop draw- 
ings' are given on Plate II, require no additional explanation. 
The care with which every detail has been designed is mani- 
fest. The form of the segmental rollers and of the roller plate 
is the Morison standard, which is described in Art. 81. 

The student will also find it advantageous to make a com- 
parative study of the details of the plate-girder bridges, to 
which references are given in Art. 49. 

Art. 69. Standard Plans. 

The modern movement in American practice to standardize 
the details of construction has been extended by some railroads 
to the design of plate-girder bridges. Among these may be 
mentioned the Northern Pacific, the Harriman Lines, the Santa 
Fe System, and the Great Northern railroads. 

The standard plans of the Northern Pacific Railway include 
complete drawings of deck plate-girder bridges from 30 to 100 
feet in span, and of through bridges from 40 to 100 feet, both 
kinds varying by 5 feet in span. In the Journal of the Western 
Society of Engineers, vol. 6, page 51, F^eb. 1901, may be found 
a paper on Northern Pacific Standard Bridge Plans by Ralph 
MoDjESKi, who prepared them as consulting engineer. It is 
illustrated by reproductions of a number of plans and a diagram 
of weights. Since this paper was written a part of the plans 
have been redesigned to provide for a heavier loading. One of 
these revised plans is shown on Plates I and II. 

On the Atchison, Topeka and Santa Fe Railway the standard 
plate-girder bridges are divided into four classes. Class A in- 
cludes deck girders from 26 to 105^ feet in length, out to out, 
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designed for economy of weight. The depth ranges from a 
little over one-seventh to a little less than one-tenth of the 
effective span. The cross-frames are only from 8 to lo feet 
apart and divide the lateral systems into panels, intersecting 
diagonals being employed in each panel of both systems. 

Class B consists of deck girders from 26 to 85 feet in length, 
which are intended for locations where it is necessary to make 
them as shallow as the limits of deflection permit. For lengths 
from about 45 to 85 feet the general arrangement is about the 
same as for class A, except that the depth is reduced to one- 
thirteenth or one-fourteenth of the span. The flanges have 
vertical side plates to avoid too many cover plates and to accom- 
modate the larger number of rivets needed to connect the flanges 
to the web plates. For lengths from 26 to 42 feet, four lines of 
girders are used, and they are so spaced that each track rail is 
midway between a pair of girders. The depth varies from 2^3" 
to 2'8J", which ranges from one-eleventh to one-fifteenth of the 
effective span. There is no lateral system in this case, but the 
four girders are connected by cross-frames with solid webs at 
intervals ranging from about 6 to 11 J feet. These bridges are 
proved by experience to have unusual lateral stiffness. 

Class C includes through girders from 60 to 105^ feet in 
length, designed with long panels so as to economize material 
in the floor system. The girders have the same depths as in 
class A. The panels vary in length from about 14^^ to 17 feet, 
and the floor beams are about 3^^^ feet deep. In the long spans 
four lines of stringers are used in order to reduce the economic 
depth of the floor. The spacing of the girders on tangents is 
17 feet 2 inches. 

Class D consists of through girders from 26 to 105} feet in 
length, in which the floor system is designed as shallow as possi- 
ble without reference to economy in weight. The panel lengths 
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vary from about 8 to 12 feet, and four lines of stringers are used 
for all spans. 

Class B is not employed for lengths exceeding 75 feet, as the 
saving in depth would not warrant it, class C or D being substi- 
tuted for it under these conditions. Classes A, B, and D have 
lengths increasing by increments of 3 to 5 feet, and in classes 
C and D additional plans are made adapted to curves of 5 and 
10 degrees. The weights of the bridges increase in the order 
of the class letters for any given span, the shipping weights for a 
span of 60 feet, for example, comparing as the percentages icx), 
121, 156, and 176. No expansion rollers are used in any case, 
but rockers are employed at one end in spans exceeding 75 
feet in length. 

An excellent article giving a more detailed description of 
these standards may be found in Engineering News, vol. 49, 
page 482, May 28, 1903. It contains a table of the estimated 
weights of plate-girder bridges for classes A, B, C, and D, and 
for spans from 26 to 105 J feet See also the article in Engineer- 
ing Record, vol. 48, page 598, Nov. 14, 1903. 

Eight standard detail plans of deck plate-girder bridges on 
the Harriman Lines are published in the Railroad Gazette, 1905, 
vol. 38, pages 248, 278, 310, 328, 347, 370, and 389. The 
lengths vary from 30 to 100 feet and in all cases no cover plates 
are used on the upper flanges. 
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CHAPTER VIII. 

DETAILS OF RAILROAD PIN BRIDGES. 

Art. 70. Forms op Trusses. 

A comparison of the leading bridge specifications and ^railroad 
standards indicates that the preferred lower limit of span for 
plate girders ranges from 19 to 30 feet, that for riveted trusses 
from 100 to 1 10 feet, and that for pin-connected trusses from 150 
to 250 feet. In 191 1 there is a decided tendency among rail- 
road bridge engineers to raise the lower limit of spans for pin- 
connected truss bridges. 

The riveted trusses are most frequently made either of the 
Warren type or of the Warren with sub-verticals, the Pratt truss 
being employed to some extent for the longer spans. The New 
York Central and Hudson River Railroad introduced in 1899 
riveted trusses of the Baltimore type for spans from 100 to 200 
feet, which prior to that time had been applied only to pin-con- 
nected trusses and to spans exceeding the larger limit named. 
Some details of riveted trusses are given in Chapter XL 

The Pratt is the prevailing type for the shorter spans of steel 
pin-connected trusses. The Warren truss with sub-verticals has 
been used in a few cases like that on the terminal improvements 
at Providence, R. L (see Railroad Gazette, vol. 27, page 457, 
July 12, 1899), and that on the terminal improvements at Rich- 
mond, Va. (see Engineering News, vol. 44, page 379, Nov. 
29, 1900). Formerly Warren pin trusses were employed more 
frequently, but it appeared later as though they would go out 
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of use entirely. Pegram trusses are used to a very limited 
extent on the Union Pacific and several other western railroads. 

As the span increases the Parker truss is usually employed, 
while for still larger spans the Baltimore and Pennsylvania 
trusses, with their subdivided panels, are successively adopted. 
The ranges of span for the Pratt, Parker, Baltimore, and Penn- 
sylvania trusses in actual use overlap one another to a remark- 
able degree. It is practically impossible to account for the 
wide variation in practice regarding the adoption of different 
types of trusses. In 191 1 their upper limits of span were 287, 
407, 517^, and 668 feet respectively. See Art. 71 in Part I. 

Art. 71. Open Floor and Stringers. 

In through bridges there are generally two stringers to a 
track spaced from 6J to 8 feet apart, which support the track 
ties. The details of the ties, guard rails, etc., are about the 
same as for deck plate-girder bridges, except that alternate ties 
are frequently extended the full width for a footwalk. A few 
railroads, like the Boston and Maine, use four lines of stringers 
under each track, the main stringers being placed directly under 
the track rails, while the safety stringers are about 2i feet out- 
side of the others. The uniformity of the spacing of the cross- 
ties is broken by the floor beams, which support the stringers ; 
but as the top flange of the floor beams is seldom more than a 
few inches below the tops of the ties, a derailed wheel will pass 
over the wider space in safety. 

In some deck bridges of short span the ties are extended over 
the full width of the bridge and rest upon the chords of the 
trusses, as in the case of deck plate girders. As the span 
increases and with it the spacing of the trusses, this type of 
floor increases in cost and deflection, and is replaced by one of 
the same kind as that used for through bridges. In this case 
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the upper chords of the trusses frequently act also as safety 
stringers. See the report on bridge floors, to which reference 
was made in Art. 45. 

When the panels are very short, the stringers may consist of 
I-beams, but generally their construction is similar to that of 
plate girders of short span. The flanges either consist of two 
angles or of two angles with one cover plate. The practice of 
not allowing cover plates is becoming quite prevalent, since it 
affords a better bearing for the ties, and simplifies the work 
of track maintenance. In some cases the web is extended ^ or 
I inch above the flange angles, thus obviating the necessity of 
notching the ties for the full width of the flange. 

The stringers of each track are united by a lateral system 
of the Warren type attached to the upper flanges and by an 
intermediate cross-frame. Both of these features are used in 
long panels, and only one of them in short panels, some engi- 
neers using the lateral system in this case, while others use the 
cross-frame only. A cross-frame is also inserted at the ends 
of end stringers when there is no floor beam at the end of the 
bridge. The elevation of an intermediate stringer and of part 
of an end stringer, together with that of a cross or sway frame, 
is shown on Plate III. It will be noticed that there are no 
intermediate stiff eners in this example. 

While the lateral system of stringers is generally of the 
simple Warren type, sub-struts are occasionally employed at 
the other panel points, as well as where the cross-frames are 
placed. On the inset of Engineering News, Jan. 11, igcxj, 
may be seen an example where a double intersection Warren 
bracing is used. This arrangement, however, is quite unusual. 

In through bridges the ends of the stringers are usually 
riveted to the webs of the floor beams between their flange 
angles by means of pairs of connecting angles and of bracket 
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angles, as indicated on Plates III and IV, Art. 82. Some- 
times, however, the upper flange angles are extended over the 

iptarei2\f-i'6' floor beam, and the 
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clear the flange of 
the floor beam. (See 
Fig. 75.) Splice plates 
connect the tops of 
the adjacent stringer 
o^o^ o ^ o 00000000 o^ flanges, thus making 

'^'"^'^'''^'^" them practically con- 

^*'' ^*" tinuous and relieving 

the upper rivets in the connecting angles from tension when 
the adjoining panels are loaded. This arrangement also per- 
mits the ties to be spaced uniformly. 

In deck bridges the stringers frequently rest on top of the 
floor beams, as illustrated on Plate V. The lateral system of 
the bridge may then be connected to the bottom of the stringers, 
the top of the floor beams, and the bottom of the chords of the 
trusses, and thereby avoid bending the floor beam horizontally by 
the tractive force developed on applying the brakes to the train. 

When, however, the stringers are connected to the webs of 
the floor beams and the lateral system is connected to the top 
flanges of both floor beams and stringers, the web of the stringer 
may be extended far enough above the regular flange so as to 
attach secondary flange angles, on which to receive the ties. 
The projecting web and secondary flange are cut to allow the 
laterals to pass. This arrangement was adopted in the New 
Glasgow bridge, whose characteristic details are shown in Engi- 
neering Record, vol. 43, page 241, March 16, 1901. 

The longest stringers in any simple truss bridge in America 
are in the Municipal bridge over the Mississippi river at 
St, Louis, erected in 19 11, their span being 48 feet. 
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Art. 72. Solid Floors. 

Several types of the trough floors described in Art. 46 are 
used in pin-connected truss bridges as well as in girder bridges. 
Some of the references given in Art. 47 contain descriptions 
and illustrations of their details when so applied. In an article 
on the Willamette bridge at Portland, Ore., in Railroad Ga- 
zette, vol. 21, page 260, April 19, 1889, the drawings show a 
splayed-channel trough floor riveted to the sides of the stiff 
lower chord of the trusses. In Engineering News, vol. 36, page 
406, Dec. 17, 1896, may be seen the application of a trough 
system like Fig. 64, Art. 46, to the floor under the double-track 
railroad of the double-deck highway and railroad bridge at 
Rock Island, III. The floor is laid upon four lines of stringers, 
and continuous plates, 20" x |''y are placed under the rails 
and riveted to the troughs so as to form an effective lateral 
bracing. 

In the 348-foot span of the Victoria bridge at Montreal, the 
double tracks are laid on a continuous half -inch floor plate which 
is supported by transverse 24-inch I-beams spaced only about 
14 inches apart These I-beams are connected to the webs of 
longitudinal plate girders lying in the planes of the trusses and 
riveted to the posts below the lower chords. Longitudinal 
plates, 10" X ^", are riveted on top of the floor plates under 
each rail. 

The inset of Engineering News, Aug. 24, 1899, shows the 
plan of a solid floor built up of 12-inch channels and plates on 
the upper deck of the Wells Street bridge in Chicago. Two 
channels with their webs vertical, their flanges toward each 
other, and their backs iif inches apart are connected by a top 
flange plate. Similar pairs of channels and cover plates are 
spaced 12 inches apart in the clear and connected by 12-inch 
channels with their webs horizontal and their backs at about the 
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mid-height of the vertical channels, The ties for the tracks oi 
the Northwestern Elevated Railroad were laid directly ia the 
shallow troughs of this floor without any ballast. 



Art. 73. Floor Beams. 

The floor beams of truss bridges are simitar to those of through 
plate-girder bridges. The objection to cover plates in the case 
of stringers does not hold for floor beams. In through trusses 
a part of the web has to be cut away in order to clear the lower 
chord, and in order to secure enough space for rivets in the end 




connecting angles the web must be extended beyond the upper 
flange. One form of construction is shown in Fig. 76. The 
web is spliced so that the end plate may extend up the required 
distance. The splice plates are continued to the end so as to 
act also as filler plates and to aid in strengthening the web 
around the cut. The connecting angles pass over the vertical 
legs of the upper flange angles, neither of the legs being cut 
away, and the curved angles pass over the lower end of the 
connecting angles. An additional pair of filler plates is there- 
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fore required under the curved angles, and they are extended 
beyond the angle to give increased strength and to simplify the 
construction. The lower flange and the bottom of the post are 
connected by a plate to which the diagonals of the lateral sys- 
tem are also attached. 

In Fig. 77 is shown the end of a floor beam in the Pratt truss 
whose side elevation is given in Fig. 111. The inner edge of 
the extended web 
plate is stiffened by 
a pair of small an- 
gles. Several other 
special features will 
be noticed, especially 
the stiffeners between 
the stringer connec- 
tions. Another form 
for a through bridge 
is shown on Plate 
III. Sometimes the 
lower flange angles 
are bent up outside 
of the stringers to 
take the place of 
the separate inclined 
angles, in which case 
another pair of short 
horizontal angles is 

riveted to the bottom of the web plate as illustrated clearly in 
the Engineering Record, vol. 43, page 244, March 16, 1901. 
When the floor beam is not extended down past the lower 
chord, the eccentric connections of the lateral system cause a 
bending moment in the bottom of the post which is avoided in 
the forms just described. 
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In the Port Perry bridge over the Monongahela river this 
result is secured in another way. A trapezoidal web plate stiff- 
ened with angles is riveted to the bottom of the floor beam just 
inside of the lower chord and also to the horizontal connecting 
plate of the lateral system which is attached to the bottom of 
the post. The effect of this construction is to cause a negative 

bending moment in the 
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floor beam which neu- 
tralizes a part of the 
positive bending mo- 
ments due to the dead 
and live loads. (See 
Fig. 78.) 

The floor beam of a 
deck bridge is shown 
on Plate V. The upper 
corner of the web plate 
is cut away to clear 
the diagonal eye-bars 
of the truss. The 
stiffeners below the 
stringers are required 
to distribute the concentrated loads to the web of the floor 
beam, fillers being put under the angles. An example in 
which the top of the floor beam is level with the top of the 
upper chord is given in Engineering Record, vol. 41, page 126, 
Feb. 10, 1900. 

In double-track bridges the floor-beam flanges may be in- 
creased by means of side plates, as in plate girders. In the 
Bellefontaine, the Alton, and the Delaware river bridges this 
arrangement is adopted for the upper flanges only, while in the 
Rankin bridge it is adopted for both flanges. See Engineer- 
ing Record, vol. 44, page 467, Nov. 16, 1901. 



Fig. 78. 
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When a floor beam is not riveted to a post, but to some plates 
or to a short member which resembles a post in construction, 
but connects with a tension member, like the sub-vertical in a 
Baltimore or in a Pennsylvania truss, or the suspender of a Pratt 
truss, as in Fig. in. Art. 82, the floor beam is effectually stayed 
against rotation by rods extending to the adjacent panel points. 
The connection of a floor beam with the extension of a post 
below the lower chord is illustrated in Railroad Gazette, vol. 25, 
page 651, Sept. i, 1893. 

In all of these examples a diaphragm is required in order to 
carry its share of the load from the floor beam to the outer half 
of the post. It consists of a web plate united by a pair of 
angles to the two sides of the post. 

Not many years ago end floor beams were employed in only 
a few cases, and those in trusses of large span. Now they are 
frequently used in short spans as well, and a number of rail- 
roads have adopted them as the standard construction. 



Art. 74. Intermediate Posts. 

The simplest form of post consists of two channels, whose 
flanges are united by short plates at or near the ends, called 
tie plates, and by lattice bars between. When the flanges are 
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turned out (Fig. 79) as in the older practice, it is necessary to 
cut the channel flanges near the joints, as indicated in Fig. in, 
Art. 82. When the flanges are turned in, as in Fig. 80, this 
cutting may be avoided and a stronger column secured for the 
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same out-to-out measurements. When the largest channels do 
not furnish sufficient area, the section is sometimes increased 
by adding two plates, preferably on the inside, as in Fig. 8i. 
When still larger sections are required, the post is built up with 
plates and angles, as shown in Fig. 83. This form is sometimes 
said to consist of built channels. In Fig. 84 the angles are 
turned in, the advantage of so doing being the same as for 
rolled channels. The increasing area required for the posts 
toward the end of the span is obtained by increasing the thick- 
ness of the parts, or in case the thickness becomes excessive, by 
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adding an additional plate on each side, either of the full width 
of the side plates or to fill only the clear width between the 
angles. 

The posts of the Victoria Jubilee bridge at Montreal have an 
unusual composition. Two I-beams are laced together (see 
Fig. 85) for each of the posts, 20-inch and 18-inch I-beams being 
employed in the posts near the ends and middle of a span re- 
spectively. 

Fig. 84 shows how relatively narrow a post is sometimes 
made so as to be packed with the connecting diagonals in the 
upper chord. See Engineering Record, vol. 41, page 126, Feb. 
10, 1900. On the other hand a post like Fig. 83, whose plates 
are only 22 inches wide, has the backs of the angles spaced 
31 1 inches, in order to enter the outer spaces of the upper 
chord with its f'ur webs. See Engineering Record, vol. 41, 
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page 516, June 2, 1900. Figs. 82 and S6 show additional post 
sections, which are mainly used for the sub-verticals of Balti- 
more and Pennsylvania trusses, which support the upper chord 
midway between the long posts. The former section has also 
been used for collision struts. 

Elevations of intermediate posts showing the tie plates and 
lattice bars which connect the two halves of the posts, as well 
as their diaphragms opposite the floor-beam connections, may 
be seen on Plates III, IV, and V, and in Fig. iii. 

Art. 75. Main and Counter Diagonals. 

The simplest form used for a main tie consists of one or 
more pairs of eye-bars (Plate III). Tables of the standard sizes 
of eye-bars may be found in all of the handbooks. Sometimes, 
in order to secure stiffness in the panels of short spans requir- 
ing no counter bracing, the eye-bars are connected by riveting 
an angle to each bar and uniting the angles with lattice bars. 
In the panels which require counterbracing the same result is 
secured by using two pairs of angles laced together to form an 
I-section. (See Fig. 86 and Plate III.) In members with larger 
sectional areas a solid web plate is substituted for the lacing. 

When the main ties are eye-bars the counters in the same 
panel consist either of an adjustable eye-bar, or of a square bar 
with loop eyes, when the required section is small. When laced 
angles are used for the main ties, the counters have the same 
composition. 

Another method of securing greater stiffness has been adopted 
to some extent in which the counter ties are omitted and the 
main diagonals designed to take both tension and compression. 
The member is then made up either of two rolled channels laced 
together or of built-up channels, each one being composed of a 
web plate and two angles. The bridge over the Missouri river 
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at Belief ontaine, Mo., may be mentioned as a prominent example 
in which counterbraced diagonals are used, whose composition 
is the one mentioned last. 

The larger vibration due to adjustable counters and the great 
difficulty in keeping them in proper adjustment has led to the 
design of the other forms, and so far as they have been com- 
pared under traffic, there is little or no difference between the 
action of Pratt trusses having counterbraced diagonals which 
take both tension and compression and those in which both 
main and counter ties are riveted members. 

Art. y6. Suspenders. 

In the through Pratt truss the suspender or hip-vertical is the 
vertical tie which connects the upper end of the inclined end 
post and the second panel point of the lower chord. In the 
Baltimore and Pennsylvania trusses there are not only the long 
suspenders, but a number of short ones whose duties are similar. 
These members have all the forms of section which were 
mentioned for the diagonals, whether counterbraced or not. If 
eye-bars are used, they are frequently connected by bent bars 
instead of by angles and the ordinary forms of lattice bars. (See 
Fig. Ill, Art. 82.) When channels are employed, the flanges 
may either be turned in or out, and the same is true when 
the channel section is built up. The sectional area of built-up 
channels is increased sometimes by using double webs. When 
the I-section is used in a large truss, two flange plates are added 
to the two pairs of angles. For examples of the forms mentioned 
see Plates III and V, and Engineering Record, vol. 41, page 516, 
June 2, 1900, and vol. 37, page 384, April 2, 1898. 

As the suspender in a through Pratt truss receives its stress 
only from loads in the first two panels, its stress changes more 
rapidly than that of any other member, and it also receives its 
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impact more directly. In order to reduce the excessive vibra- 
tion thus produced some railroads require the suspender to be 
made of a riveted post section in all cases. This arrangement 
also prevents rising driftwood from buckling the floor and 
pulling the bridge off the pier, 

Tn a deck Pratt truss with inclined end posts the only duty of 
the suspender is to support the lower chord members, and hence 
in this case it is made of a square bar with either upset or loop- 
welded eyes, or of two angles laced together so as to form a 
member about as wide transversely as the intermediate posts. 
The stiff member is preferable. 

Art. *jt. Lower Chord Members. 

In simple pin-connected steel trusses the lower chord mem- 
bers are very seldom made of anything else than eye-bars, 
except in the two panels at each end. The depth of eye-bars 
used in trusses of ordinary span generally does not exceed 
8 inches. On the other hand, the smaller depths are not now 
used to such a great extent as formerly, since it is considered 
desirable to use few comparatively heavy bars rather than a 
larger number of light ones. (See Plate IV.) 

The largest eye-bars that have been used in any simple truss 
bridge in this country are those of the Municipal bridge over 
the Mississippi river at St. Louis, built in 191 1, their depth 
being 16 inches, the greatest thickness 2^^ inches, and with 
panel lengths of 30, 38, 45, and 48 feet. Eye-bars 10 inches deep 
are used in the Louisville, Bellefontaine, Alton, and Rankin 
bridges, the greatest thickness being respectively 2|, 2f, 2^J, 
and 2\ inches. In the Bellefontaine bridge the bars extend 
over two panels of the Baltimore trusses, being 55 feet long 
between centers of pins. In Fig. 11 1 are shown two pairs 
of eye-bars 51' 3|" long, the inner ones being riveted to the 
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suspender and the outer ones resting on the horizontal legs 
of a pair of connecting angles. 

In the best practice the lower chord members in the first two 
panels at each end of the span are designed to resist both ten- 
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sion and compression. This construction enables the lower 
chord to resist the compression caused by the traction load 
when the brakes are applied to the train, or the thrust of a 
derailed car on the bridge, or that caused by a derailed car 
striking the end of the truss. It also reduces vibration, and 
increases the stiffness of the truss, especially in short spans. 
The principal forms of section are shown in Figs. Sj to 93 
inclusive. Fig. 91 gives the section used in the end panels 
of the Alton bridge, and Fig. 92 those in the Bellefontaine 
bridge. 

In a few cases the lower chord of pin-connected trusses is 
constructed with plates and angles from end to end. Fig. 93 
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gives the section in a panel toward the middle of one of the 
fixed spans of the United States bridge at Rock Island. In the 
end panels of the bridge only two webs are employed. Fig. 94 



Art. yS, 



UPPER CHORD AND END POSTS. 



209 



gives the section of the lower chord of the International bridge 
at Buffalo. The chord is made very deep in order to resist 
the flexure caused by the floor beams, which are spaced only 
half the distance between the panel points 
of the trusses. This construction was used 
to secure a shallow floor. The floor beams 
consist of 24-inch I-beams, and the stringers 
of 4 lines of 15-inch I-beams. See Engi- 
neering Record, vol. 43, page 567, June 15, 
1901. 

The bridge department of the Baltimore 
and Ohio Railroad has designed some spans 4L^cx6ii'; 2P/s.40xi 
in the vicinity of 150 feet in which the use 2 Pis.B?ixi'; BPis^e'^^i" 
of eye-bars is restricted to the end ties and **" ^' 

the entire bottom chord, all the bars being laced together in order 
to eliminate as far as possible the vibration of these members. 
Sometimes the eye-bars in the end panels only are laced in- 
stead of using members composed of plates and shapes, as 
shown in Fig. in, Art. 82. The use of bottom chords which 
are stiff throughout is also referred to in Chapter XI. 




Art. 78. Upper Chord and End Posts. 

One of the simplest sections of an upper chord member is 
shown in Fig. 95. The flats below the channels are used to 
balance the section about a horizontal axis passing through the 
centers of the channel webs. These are often omitted, but 
unbalanced sections are not regarded favorably by the best 
designers. When the section is so small that the required 
thickness of the metal is less than the minimum allowed, the 
cover plate and flats are omitted and then the top of the mem- 
ber is laced as well as the bottom. 

The compositions indicated in the two examples given in 
Figs 96 and 97 are much more frequently employed for ordi- 
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nary spans. In the one case the section is balanced by means 
of flats, while in the other the lower angles are increased in 
size for the same purpose. The former method is preferred, 
as it simplifies the construction at the joints where pin plates 
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must be attached to the sides in order to secure sufficient bear- 
ing on the pins. In Fig. 98 the section is balanced by using 
two angles instead of one at the bottom of each web plate. 
At the panel points the horizontal legs of the inner angles 
are cut to afford the necessary clearance for the posts and 
diagonals. The latticing is connected to the inner angles only. 
This section is taken from the Northern Pacific Railway's 
standard plan for a 200-foot through pin bridge dated Oct. 5, 1899. 



K-- 



t'5f 




1 



ICovurPlate J^aJ* 
2 Web Platte ^e'x^' 

1 Web Plate Z6\i'' 
8 Angles JxJ^X/*J 

2 Flats A'xi" 
I Flat 5x/' 

Fig. 99- 
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Fig. loz. 



Additional area is obtained not only by increasing the thick- 
ness of the plates and shapes, but also by putting additional 
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web plates in the clear space between the angles or by placing 
a web plate of the full depth inside of each of the others. 
Fig. 99 shows a section containing three webs, and in this case 
also the outer webs are strengthened in the manner just de- 
scribed. The maximum upper chord section of the Belle- 
fontaine bridge is given in Fig. 100. That of the Delaware 
river bridge is similar to this except that the inner upper 
angles are placed on the outside of the inner webs as indicated 
on Plate V, which shows some details of another bridge on the 
same division of the Pennsylvania Railroad. 

Fig. 102 gives the composition of the largest section of the 
upper chord of the Monongahela river bridge at Rankin, Pa., 
its sectional area being 334.52 square inches. It is the largest 
chord section of any simple truss in use (1902). It will be 
noticed that the flats are placed opposite the vertical legs of the 
angles instead of being riveted to 
their horizontal legs. The chords 
of the heavy truss in the Monongahela 
river bridge at Port Perry, Pa., are 
a little wider, but the depth and area 
are less. The composition is as fol- 
lows : I cover plate, 50" x §" ; 2 pairs J I J I [ L [ L 
of outer web plates, 30" x^|" ; 2 pairs """"'"^ «.---=__. ----- 
of inner web plates, 30" x |" ; 4 upper 
angles, 4" x 4" x |" ; 2 outer lower 
angles, 6" x 4" x |" ; 2 inner lower 
angles, 6" x 6" x J" ; 2 outer flats, 

6" X ^" ; and 2 pairs of inner flats, 6" x |". The arrangement 
of the shapes is similar to that in Fig. 102, except that the 
outer flats are placed between the outer angles and the web 
plates. Five intermediate lines of rivets, with a large pitch, are 
used to connect the several pairs of web plates. The light truss 
in the same bridge has only three webs. In both bridges the 
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ends of the chords and end posts where pin bearing is required 
have short angles placed opposite the upper angles and ex- 
tended the full length of the pin plates. 

The new trusses of the International bridge at Buffalo, erected 
in 1 90 1, have upper chords of a very unusual section, shown in 
Fig. 1 01. Toward the ends of the span the side plates are 
reduced, and finally omitted. The lacing at the bottom consists 
of 3j" X 2^" X f " angles. At the panel points portions of the 
inner flanges of the I-beams are cut away to provide the clear- 
ance needed to pack the web members. 

When the chords and end posts have either three or four 
webs, it is important that their ends be prevented from shifting 
their relative position after the pin holes are bored, or else 
trouble is caused in erection. The same conditions apply to the 
sections where the chords are spliced. This is accomplished by 
means of transverse diaphragms, as indicated on Plate V. It 
will be noticed that between the inner and outer webs the 
diaphragms consist simply of two angles, while between the 
inner webs plates are also used. 

The construction of end posts is usually the same as that of 
the chords in the same span, the variations rarely being more 
than those between the upper chord members in different 
panels. Occasionally the width of the end post may be dif- 
ferent from that of the upper chord, but this is rather 
exceptional. 

Art. 79. Lateral Bracing. 

Formerly the upper lateral ties of through bridges consisted 
of adjustable square bars or round rods connected either to the 
top of the upper chord or to the middle of its inner web by 
means of connecting plates and pins. In long spans two sets 
of ties were often used connected to the top and bottom of the 
chord respectively. This construction is now seldom employed, 



Art. 79. LATERAL BRACING. 213 

nearly all the standard specifications for railroad bridges stating 
that stiff members are preferred for the lateral bracing. Those 
who still use the adjustable members claim that they are not 
only much lighter, but that the upper chord can be more 
thoroughly lined up by this means. The object of the stiff 
laterals is to secure greater lateral stiffness in the bridge, as 
well as to avoid the difficulty of maintaining the rods in proper 
adjustment. Many specifications state that it is preferable to 
avoid altogether the use of adjustable members in trusses, 
lateral and sway bracing. 

Stiff lateral diagonals are most frequently composed of single 
angles as illustrated in Plate III, and Fig. iii. Sometimes two 
angles placed, back to back are employed. In order to give 
greater vertical stiffness to these members a section like Fig. 
86 is used, consisting of two pairs of angles laced together, the 
depth of the section being equal to that of the upper chord so 
that the connection with it may be made on both top and bot- 
tom. (See Plate VII , Chap. XI.) Laterals of this type are 
used in the Delaware river bridge. Occasionally in short 
spans the composition is modified by latticing two single angles 
instead of two pairs of angles. This form is used in the Mo- 
nongahela river bridge at Rankin, Pa., the size of both angles 
being 3J" x 3^"" x |". The long span over the same river at 
Port Perry has adjustable rods. 

The various sections described are used also for lower laterals 
of through bridges. Although adjustable laterals are still used 
occasionally in the upper system, only stiff diagonals are em- 
ployed at present in the lower lateral system. This statement also 
applies to the bridge at Port Perry, whose lower laterals consist 
of two pairs of angles latticed together. As these laterals are 
not connected to the stringers, they are stiffened in a horizontal 
direction by means of four horizontal members of similar com- 
position which are connected at their extremities to the laterals 
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at their quarter points, thus forming a rectangle in plan The 
laterals stiffen each other also by the connection at their 
centers. Attention is called to the forms of splices used for 
both upper and lower laterals on Plates III and VII. 

The connections of the lower laterals to through trusses is 
often very eccentric, causing large horizontal bending moments 
in the ends of the floor beams. This is avoided, in the best 
designs, by using larger connecting plates, and by incurring the 
cost of somewhat greater inconvenience in field riveting. In 
the upper lateral system the effect of eccentricity is not so seri- 
ous, since the stresses are smaller and the connection is made to 
the stiff upper chord. Let the student observe the character of 
the lateral connections in this respect on Plates III, IV, VI , 
and VII . 

The construction of the upper lateral system in deck bridges 
is practically the same as that of the lower system in through 
bridges, and that of the lower system of deck bridges the same 
as that of the upper system of through bridges. Sometimes the 
lower laterals are omitted in alternate panels, while in other 
cases they are omitted entirely. The latter arrangement is 
adopted in the standard plans for pin-connected deck bridges 
on the Northern Pacific Railway. 

The lateral struts which are perpendicular to the upper 
chords of through trusses form also a part of the transverse 
or sway bracing. Sometimes the rest of the sway bracing con- 
sists merely of brackets connecting the lateral struts to the 
posts of the' trusses, while at other times this is connected to 
a lower or intermediate strut by means of two or more web 
members as shown in the next article. In short spans the 
lateral strut is composed of two pairs of angles placed back to 
back and laced together as in Fig. 86, its depth being equal to 
that of the upper chord to whose upper and lower flanges it 
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is riveted by connecting plates. (See Plates III and VII.) 
Occasionally the upper angles are placed with their horizontal 
flanges on the lower side, extended across the top of the chord 
and riveted directly to it. Where the upper chord is rather 
deep and the trusses are separated by double tracks, the angles 
are often placed in the corners of a rectangle as in Fig. 82^ 
Art. 74, and laced on the four sides. Two channels laced 
together are occasionally used. Another form of section is 
that in which the lacing of the first form mentioned is replaced 
by a solid web, forming practically a small plate girder. 

When the web connections of the sway bracing are rather 
close together, the lateral strut is sometimes reduced to a single 
pair of angles (Plate IV) or to one pair of angles with a web 
plate between, the latter form being shown on Plate VII . In 
double-track bridges this section is increased in stiffness hori- 
zontally by using bulb angles instead of the ordinary angles. 

The composition of lower lateral struts in deck bridges com- 
prises all the forms mentioned above except those containing a 
solid web plate with either one or two pairs of flange angles. 

Art. 80. Portal and Sway Bracing. 

When the required clearance extends to within two or three 
feet of the top of the lateral strut, the intermediate sway brac- 
ing of a through bridge consists merely in connecting the 
strut to the post at each end by means of a bracket or knee 
brace. (See Plates III and VI .) When there is more head 
room one of the simplest styles of bracing consists of a lattice 
girder, with a double system of webbing, as shown on Plate IV. 
The lower flange is placed as low as the head room will allow. 
With increasing depth four systems of webbing may be used, an 
example of which is given on Plate VII . For other examples, 
see the inset of the Engineering News, Jan. 11, 1900. Where 
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the depth is large, the lower strut is sometimes made like the 
upper or lateral strut. It will be noticed that the bracing on 
Plate VII also contains a small 
bracket. The use of brackets 
is generally confined to cases 
where the depth is small. 

5 Another type is shown in 

] »« outline in Fig. 103, and its 

I details are given in Fig. 104. 

4- Sometimes the verticals are 

V omitted in the webbing, thus 

I reducing it to the Warren type 
of truss. The number of panels 

Section -Hirof 3h W. U« . "^ 

^i_™hh« depends on the depth of the 
bracing and on the width of the 
bridge. An example of this form may be seen in Engineer- 
ing Record, vol. 37, page 386, April 2, 1898. 

The small connecting plates shown in the top view and sec- 
tion are intended to connect with a longitudinal strut which 
helps to stiffen the lateral struts in a horizontal direction, since 
it is also attached to the lateral diagonals at their intersection. 

Fig. 105 shows two forms of intermediate sway bracing, one 
between the long posts of the trusses in which a quadruple sys- 
tem of diagonals is used, and the other between the sub-vertical 
struts with only two diagonals. In both cases the upper and 
lower struts are composed of a plate and a pair of bulb angles. 
In some cases the single pair of diagonals is used throughout 
the span, and occasionally a sub-vertical is suspended from the 
intersection of the diagonals to support the center of the lower 
strut. With further increase in depth the sway bracing is 
sometimes divided into two panels, one above the other, by 
means of an intermediate horizontal strut. In the Engineering 
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Record, vol. 44, page 467, Nov. 16, 1901, may be found an illus- 
tration of the sway bracing at the middle of the span of the 
Rankin bridge. The lateral strut consists of two pairs of angles 
6" X 4" X I", connected by a system of double intersection 
lacing with 3" x 2" x ■{^" angles; the other two struts consist 
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Fig. 104. 



of two pairs of 5" x 3J" x |" angles laced with bars so as to be 
18 inches deep, and the two diagonals in each panel are com- 
posed of two 3" X 3" X f" angles placed back to back. Toward 
the end of the span the bracing has only one panel, and at some 
intermediate points a single pair of diagonals crosses the two 
panels intersecting the middle strut at its center. 
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In the shorter spans of the Victoria Jubilee bridge at Montreal 
the upper strut is made up of two pairs of 6" x 3|^" x |" angles 
laced, the lower strut of one web plate, lo" x |", and two flange 
angles, 6" x 3^", each of the two intersecting diagonals of one 
angle, 4" X 3" x |", and the sub-vertical of one angle, 3" x 3" x f ". 
In the long span the composition is the same except that the 
angles and plate are increased in size. 

The general character of the sway bracing of deck bridges is 
about the same as for through bridges. One example of both 
the intermediate and the end sway bracing is shown on Plate V. 
Another example may be found on the inset of the Engineering 
News, Nov. 29, 1900, and a third one in the Engineering Record, 
vol. 41, pages 125 and 126, Feb. 10, 1900. 

Adjustable rods are still used to some extent in the sway brac- 
ing of both through and deck bridges, but the practice is not 
generally regarded with favor. 

A number of the forms employed for intermediate sway brac- 
ing are also used in portal bracing, the details being made 
stronger, however, on account of the greater duty of the latter, 
Plate IV shows a portal having flanges with unequal-legged 
angles of ample size, and with deep plates to receive the connec- 
tions of the web members, which consist of two systems of diag- 
onals. The wide plates are continued around the ends of the 
portal, and extended into the bracket, so as to make a very rigid 
connection with the inner sides of the end posts. As indicated 
on the plate, this is a standard design of the Northern Pacific 
Railway. In the reference to Engineering Record mentioned 
in the preceding paragraph may be seen the view and details of 
a portal only about 4^ feet deep at the middle, with double in 
tersection webbing. The lower flange is curved down at the 
ends to form the flanges of the brackets, and solid web plates 
form the bracing in the end panels. The standard portal of the 
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New York Central and Hudson River Railroad is given on Plate 
VII , Chap. XI. 

In some cases where the head room is limited the portal brac- 
ing consists practically of two complete double intersection lattice 
girders with their connecting end brackets, one riveted to the top 
and the other to the bottom flanges of the end posts, the cor- 
responding flanges of both girders being united by lacing. (See 
Fig. 6, Art. 3.) A plate is sometimes substituted for the upper 
lacing. An example of a double portal bracing, but of somewhat 
different design, is shown on Plate VI . Under similar conditions 
of limited head room the portal bracing is occasionally composed 
simply of a plate girder and of brackets with solid webs. 

Perhaps the best illustration of the application of a lattice 
portal bracing to a bridge of long span is that of the Bellefon- 
taine bridge shown in Fig. 105. The top strut consists of a 
web plate 30" x |" and two bulb angles 9"x 3J" x -f^", the lower 
strut of one plate 27" x J", one angle 4" x 3|" X l'\ and one bulb 
angle 9" x 3^" x -^q", and each of the twenty diagonals of a 
single 5'! X 5" x ^" angle. The plates extend around both sides 
of the bracing similar to that on Plate VII, and with neatly 
rounded corners. 

The present practice in the design of portals for brid?;es 
whose depth affords adequate room consists in using relatively 
few members with sufficient strength to secure that degree of 
lateral rigidity which is now regarded as so essential. The 
members are all made of the same depth as the end posts, so 
as to permit them to be riveted to both the top and bottom 
flanges of the end posts. An excellent example of such a 
design is the portal of the United States bridge at Rock Island, 
111. The view given in Fig. 106 is that of the portal of .the draw 
span, but it has the same construction as those used on the fixed 
spans. In the 2i6J-foot fixed spans the lower strut has one 
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cover plate i6J"x f", four angles 3"x 3" ^ |", and is laced on 
three sides. The diagonals have two pairs of angles 5" x 3" x |", 
with one line of lacing. The upper strut has an upper cover 
plate 1 7 J" X f ", three angles 3" x 3" x f ", one angle 4" x 4" x f", 
and a lower cover plate 7" x |". It is laced on two sides, one 
side being perpendicular to the flanges of the end post, and the 
other in the plane of the beveled end of the end post. The pro- 
vision of connecting plates with curved edges indicate that some 
attention was paid to aesthetic considerations in this design. 

The portal of the Delaware river bridge near Philadelphia is 
divided into two panels, one above the other. Fig. 107 indi- 
cates that the lower strut is practically a plate girder whose 
depth equals that of the end posts, while the middle strut and 
the diagonals consist of two pairs of angles laced together. 
The top strut is of novel design. In composition it resembles 
that of an upper chord member, but the two web plates are 
respectively perpendicular to the flanges of the end post and of 
the upper chord, and both the cover plate and the lower lacing 
are bent to the angle made by the end post with the adjoining 
upper chord member. Square connections could thus be made 
on one side with the portal diagonals and on the other side with 
the top laterals, which also consist of two pairs of angles laced 
as deep as the chords. 

Another portal containing some new details is that of the 
Union Railroad Bridge at Rankin, Pa., shown in Fig. 108. 
Both the upper and the lower struts consist practically of two 
plate girders whose flanges, each having only one angle, are ex- 
tended across the end posts, and riveted to them on the upper 
and lower sides respectively. The girders have their corre- 
sponding flanges laced together with a single system of diagonals 
composed of single angles. Double triangular brackets with 
solid webs and connecting plates are also used. In addition 
to the diagonals of the portal, a strut of the same composition as 
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the diagonals connects the middle of each horizontal strut with 
the intersection of the diagonals. 

The portal bracing of the bridge erected by the same railroad 
at Port Perry differs from this one by substituting for the strut 



Fig. loS. Porul of Rankin Bridge. 

just mentioned one of only two angles laced in a similar way, 
but extending horizontally across the intersection of the diag- 
onals, and riveted at each end to the top and bottom of the end 
post. The upper strut is also different in containing only four 
angles laced on the four sides. 
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This bridge contains the unusual feature of a double plate- 
girder portal bracing, connecting the feet of the end posts on 
their top and bottom flanges. The web plates of each of these 
girders are not continuous, but are connected by angles to the 
webs of the stringers, and thus to each other. The flanges, 
however, are continuous and are field-riveted to the webs. They 
consist of single angles. The function of this bracing is per- 
formed in many other bridges by an end floor beam riveted to 
the end posts. 

The composition of the sway and portal bracing of the Vic- 
toria Jubilee bridge is given in Engineering Record, vol. 38, 
page 488, Nov. 5, 1898. Each of these contains only two struts 
and two intersecting diagonals. 

Art. 81. Expansion Bearings. 

Pedestals, friction rollers, and bed plates, similar to those de- 
scribed in Art. 44, are used also for truss bridges. Two exam- 
ples of expansion bearings containing cylindrical rollers are 
given on Plate III and in Fig. in. 

Complete detail drawings of pedestals, nests of cylindrical 
rollers, and rail plates, together with the castings for the fixed 
bearings, may be found on the insets of the Engineering News 
for Jan. 5 and Feb. 2, 1899. The nests contain 7 rollers each, 
their diameters being 4^ and 4} inches respectively. 

Fig. 109 shows the details of a standard expansion bearing, 
designed by George S. Morison, which contains some valuable 
improvements over those employed in Europe. The steel rollers 
are 12 inches in diameter and spaced 6 inches between centers. 
The sides are parallel near the top and bottom, and hollowed 
out along the middle to facihtate cleaning with a brush. Con- 
tact between the parallel sides of the rollers prevents them from 
tipping over, but an additional provision against it is afforded 
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by means of the side plates, which engage stud bolts screwed 
into the ends of the rollers. The clearance between the hook 
of the upper plate and the square ends of the lower plate allows 
a linear movement of _j'="span/3ooo in both directions from the 
mean position. The rollers rest on a rail plate consisting of 



T-rails riveted to a plate, with their tops afterward planed and 
polished. In large bridges the rail plate is bolted to the cast 
base, which is directly supported by the pier masonry. As the 
dust accumulates it is readily removed by passing a long-handled 
brush between the rails. 



226 DETAILS OF RAILROAD PIN BRIDGES. ChAP. VIII. 

On top of the rollers rests a steel casting with its lower sur- 
face polished, and this in turn supports another casting by 
means of a block of polished steel called a rocker plate. The 
rocker plate fits into a socket in each casting, the surfaces of 
contact being segments of horizontal circular cylinders, whose 
axes are respectively parallel and perpendicular to the direction 
of the rollers. The radius of curvature in each case equals the 
length of one side of the square rocker plate. The upper cast- 
ing sustains the pedestal, which in turn supports the end pin of 
the truss, and the connecting bolts pass also through the flanges 
of the stiff lower chord. The object of the rocker plate is to 
allow the bridge to adjust itself when erected, so that the bear- 
ing on the rollers, and hence also that on the bed plate, may be 
uniform. This eliminates the unequal distribution of load, 
which would otherwise be caused by imperfect workmanship in 
the construction of the truss and its supports. To secure the 
transverse stiffness of the lower ends of the end posts, they are 
preferably connected by an end floor beam which is riveted to 
them after the bridge is swung. The side plates project above 
and below the rollers respectively, thus acting as guides to pre- 
vent any lateral movement of rollers or casting. 

In the vertical line of dimensions in Fig. 109 the next to the 

highest one should read ^^ —, while the value 0.2321 d 

4 

does not belong to c, but to the dimension directly above c. The 
safe load given in the table is that recommended by the designer, 
no addition being made to the live load for impact. The allow- 
ance for impact is included in the unit stress adopted. See 
Transactions of American Society of Mechanical Engineers, 
vol. 15, page 153, 1894, and vol. 16, page 724 1895, for an account 
of the evolution of this bearing and some illustrations of its 
application. The description and detail drawings of a modified 
form of this bearing, in which a pin casting takes the place of 
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the usual bolster and of the top casting and rocker plate, thus 
materially reducing the height required, may also be found in 
Engineering Record, vol. 32, page 93, July 6, 1895. 

In order to avoid the danger of the rollers getting out of place 
under the frequent jars to which the lighter bridges are subject, 
another improvement has been added by fitting steel plates into 
grooves cut in the ends of the middle roller, the plates project- 
ing beyond the surface of the roller and forming teeth to engage 
spaces cut into the rail plate below and the bearing plate above. 
The details of this device may be seen on Plate II. 

A side elevation of the fixed and expansion bearings of the 
Davenport, Rock Island and Northwestern Railroad bridge at 
Rock Island, 111., may be seen in the inset of Engineering News, 
Jan. II, 1900. This is a different type of bearing from the 
standard described above. The I-beams extend under both 
bearings over the full width of the pier. 

The 6-inch segmental rollers of the International bridge at 
Buffalo are illustrated in Engineering Record, vol. 43, page 567, 
June 15, 1901. They are 3 inches wide, but have cylindrical 
spaces 6 inches long cored out of their sides and separated by 
|-inch vertical webs. The rollers are 3 feet S inches long. 

Fig. no gives the details of the 12-inch rockers with parallel 
sides used in the truss shown on Plate V. The center roller 
has a spur or gear tooth at each end on both top and bottom, 
and these enter slots in the roller bed plate and the shoe re- 
spectively, thus retaining the rollers in their proper position. 
Grooves in the centers of the rollers engage longitudinal center 
strips to prevent the trusses from shifting sideways. The figure 
also indicates the construction of the pedestal and bed plate at 
the fixed end of the span. 

In the Delaware river bridge seven segmental cast-steel 
rollers 18 inches in diameter are used to take care of a truss 
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reaction of 1200 tons. The rollers are of the same type as those 
mentioned in the preceding paragraph, and are 8i inches wide 
and 8 feet 2^ inches long. The gear teeth on the middle roller 
are 7 inches long. A view of the fixed and expansion bearings 
on one pier is shown in Engineering Record, vol. 40, page 596, 
Nov. 25, 1899. 
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Railroad Pin Bridges — References. 



Variations in the composition of members throughout the 
span, the relations between the forms and dimensions of con- 
necting members, and many of the smaller details related to the 
connections at the joints can best be studied by consulting the 
general drawings of different trusses. The following references 
are given to enable the student to become familiar with recent 
practice in these respects, no reference being included whose 
date precedes 1895, and only a few that are earlier than 1898. 
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Recent Small Bridges on the Baltimore & Ohio Railroad. 
R. R. Gaz., V. 27, p. 34, Jan. i8, 1895. 

Trunk Line Deck Bridge. Eng. Rec, v. 33, p. 58, Dec. 28, 
1895. 

Victoria Jubilee Bridge at Montreal ; Grand Trunk Railway. 
Eng. News, v. 38, p. 130, Aug. 26, 1897; Eng. Rec, v. 38, 
p. 488, Nov. 5, 1898. 

Superstructure of the Delaware River Bridge at Bridesburg, 
Philadelphia, for the Pennsylvania & New Jersey Railroad Com- 
pany. By Paul L. Wolfel. Proc. Engrs. Club of Phila., 
1897, v. 14, p. 154; Eng. Rec, v. 40, p. 594, Nov. 25, 1899. 

New United States Rock Island Bridge. Eng. Rec, v. 37, 
p. 384, Apr. 2, 1898; Eng. News, v. 36, p. 406, Dec 17, 1896. 

Newport and Cincinnati Bridge. Eng. Rec, v. 37, p. 448, 
Apr. 23, 1898. 

Standard Plans for 120-foot Pony-truss Bridges. Northern 
Pacific Railway. Eng. News, v. 41, p. 14, Jan. 5, 1899. Stand- 
ard Plans for I3ofoot Through Truss Bridges. Eng. News, 
v. 41, p. 69, Feb. 2, 1899. 

Complete detail drawings. These standards were superseded by later 
standards referred to in Art. 102, but they will furnish the student a good 
opportunity for comparative study. The 120-foot truss is replaced in the 
new standards by a through riveted truss. 

Bridge 69, New York Division, Pennsylvania Railroad. Eng. 
Rec, v. 39, p. 371, Mar. 25, 1899. 

Description and partial detail drawings of one of the spans of the double- 
track deck bridge over the Schuylkill River near Girard Avenue, Philadelphia. 
The illustrations are reproduced in Plate V, and in Fig. no. Many of the 
details, are referred to in the preceding articles of this chapter. The structure 
was designed for heavy traffic under comparatively high speeds. (See Proc. 
Engrs. Club of Phila., v. 14, p. 302, Jan., 1898, for an account by Joseph T. 
Richards of the operation of moving aside the old Whipple truss bridge and 
putting this new bridge in its place in two minutes and twenty-eight seconds, 
on Oct. 17, 1897.) 
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Short-span Railroad Bridges. Eng. Rec, v. 40, p. 717, 
Dec. 30, 1899. 

Davenport and Rock Island Bridge over the Mississippi 
River. Eng. News, v. 43, p. 26, Jan. 11, 1900. 

Lehigh Valley Railroad Bridge at Easton, Pa. Eng. Rec, 
V. 41, p. 124, Feb. 10, 1900. 

Bridge Work on the Baltimore & Ohio Railroad. Eng. Rec, 
V. 41, p. 271, Mar. 24, 1900. 

Special Bridge and Viaduct Construction in Western Pennsyl- 
vania. Eng. Rec, v. 41, pp. 465 and 516, May 19 and June 12, 
1900. 

Terminal Improvements of the Chesapeake & Ohio Railway 
at Richmond, Va. Eng. News, v. 44, p. 379, Nov. 29, 1900. 

Northern Pacific Standard Bridge Plans. By Ralph Mod- 
JESKL Jour. W. Soc. Engrs., v. 6, p. 51, P^eb., 1901. 

Reconstruction of the Glasgow Bridge on the Chicago & 
Alton Railway. By W. D. Taylor. Eng. Rec, v. 43, p. 241, 
Mar. 16, 1901. 

International Bridge, Buffalo. Eng. Rec, v. 43, p. 566, 
June IS, 1901. 

The Rankin Bridge. Eng. Rec, v. 44, p. 465, Nov. 16, 1901. 

Die Briicke der Pennsylvania-Eisenbahn iiber den Delaware 
bei Philadelphia. Von F. C. Kunz. AUgemeine Bauzeitung, 
Wien, Heft, i, 1901. 

Description of the design, construction, and erection, illustrated by numer- 
ous views and a number of large plates showing many of the details of the 
fixed and swing spans. Analyses of their weights are included. (See Figs. 
10 and 107.) 

Chesapeake & Ohio Railroad Bridge at Richmond, Va. Eng. 
Rec, V. 45, p. 290, Mar. 29, 1902. 
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Heavy Double-track Skew Bridge. Eng. Rec, v. 45, p. 435, 
May 10, 1902. 

Four-truss Double-deck Railroad Bridge. Eng. Rec, v. 46, 
pp. 338 and 364, Oct. 11 and 18, 1902; v. 49, p. 170, Feb. 6, 
1904. 

Pennsylvania Railroad Bridge at Fifty-second Street, Phila- 
delphia. Eng. Rec, v. 46, p. 398, Oct. 25, 1902. 

Standard Plans for Bridges on the Atchison, Topeka & Santa 
F6 Railway. Eng. News, v. 49, p. 482, May 28, 1903. 

Plattsmouth Bridge of the Burlington. R. R. Gaz., v. 35, 
p. 564, Aug. 7, 1903; Eng. Rec, v. 50, p. 240, Aug. 27, 1904. 

Five-hundred-foot Channel Span of the Clairton Bridge. 
Eng. Rec, v. 49, pp. 323 and 383, Mar. 12 and 26, 1904. 

New Westminster Bridge over the Eraser River, British Co- 
lumbia. Eng. Rec, v. 49, pp. 544, 582, and 644, Apr. 30, 
May 7 and 21, 1904; Eng. News, v. 53, pp. 611 and 647, June 
15 and 22, 1905. 

Woodsville Railroad and Highway Bridge. Eng. Rec, v. 49, 
p. 793, June 25, 1904. 

Kaw River Bridge of the Chicago Great Western and the 
Missouri Pacific R. R. Gaz., v. 37, p. 195, July 29, 1904; Eng. 
Rec, V. 55, p. 395, Mar. 23, 1907. 

Standard Bridges on the Harriman Lines. R. R. Gaz., v. 39, 
pp. 224, 256, 274, and 319, Sept. 8, 15, 22, and Oct. 6, 1905. 

New Bismarck Bridge of the Northern Pacific. R. R. Gaz., 
V. 40, pp. 174 and 197, Feb. 23 and Mar. 2, 1906; Eng. Rec, 
V. 53i p. 231, Feb. 24, 1906. 

All-steel Open-floor Railroad Bridge. Eng. Rec, v. 53, p. yjy, 
June 23, 1906. 
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Reconstruction of the Parkersburg Bridge on the Baltimore & 
Ohio Railroad. Eng. Rec, v. SS, p. 318, Mar. 9, 1907. 

Big Lazer Creek Bridge. Eng. Rec, v. 57, p. 716, June 6, 
1908. 

Replacing the Clyde River Bridge of the West Shore Rail- 
road. Eng. Rec, v. 58, p. 463, Oct. 24, 1908. 

River Spans of the St. Louis Municipal Bridge. Eng. Rec, 
V. 60, p. 487, Oct. 30, 1909; V. 62, p. 641, Dec. 3, 1910. 

Superstructure of the McKinley Bridge at St. Louis. By 
H. M. Morse. Eng. Rec, v. 61, p. 572, Apr. 30, 1910; Eng. 
News, V. 64, p. 85, July 28, 1910. 

Superstructure of the Mobridge Bridge on the Chicago, Mil- 
waukee & St. Paul Railway. Eng. Rec, v. 61, p. 762, June 11, 
1910. 

Design and Erection of the Missouri River Bridge for the 
Pacific Extension of the C. M. & St. P. Ry. By J. H. Prior. 
Eng. News, v. 64, p. 196, Aug. 25, 1910. 

Miles Glacier Bridge, Alaska, on the Copper River & North- 
western Railway. Eng. Rec, v. 62, p. 153, Aug. 6, 1910. 
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CHAPTER IX. 



DESIGN OF A PIN TRUSS BRIDGE, 



Art. 83. Specifications. 

Let it be required to design a single-track through railroad 
bridge whose trusses are of the Pratt type 
and whose span is 175 feet between centers 
of end pins. The cross-ties, foot planks, 
and guard timbers are to be of long-leaf " 
Southern yellow pine, the truss pins of 
medium steel, and the rest of the structure 
of soft rolled steel. 

The trusses are to be spaced 17 feet 
center to center and the clear opening is not 
to be less than that shown in Fig. 112. Fig. lu. 




■ Basel of Raii 



LOADS. 

The live load is to be class Q of Waddell's compromise standard system 
(Art. 32), but the equivalent Jive loads given on the diagrams in Waddell's 
specifications are to be used instead of the actual wheel concentrations. 

The effect of impact and vibration shall be added to the maximum stresses 
resulting from the above live load, and is to be determined by the following 
formula : 



\L -f 300/' 



L 4-300- 

in which /is the impact, S the computed maximum live-load stress, and L the 
length of the loaded distance in feet which produces the maximum stress in 
the member. 

To provide for wind stresses due to the pressure of the wind on the truss 
and train, as well as ibr lateral vibrations from high-speed trains, the wind load 






236 DESIGN OF A PIN TRUSS BRIDGE. ChAP. IX. 

on the lower lateral system of through bridges shall be 600 pounds per linear 
foot, 450 pounds of this to be treated as a moving load, and as acting on a 
train of cars at a line 6 feet above base of rail ; and the static wind load on 
the upper lateral system shall be 1 50 pounds per linear foot. 

The total traction load on any portion of the bridge is to be taken as 
20 percent of the greatest live load that can be placed on that portion. No 
percentage of impact is to be added to traction loads. 

UNIT STRESSES. 

No metal less than three-eighths of an inch in thickness shall be used 
except for filling plates. 

All parts of the structure shall be so proportioned that the sum of the 
maximum loads, together with the impact, shall not cause the tensile stress to 
exceed 15 000 pounds per square inch. The same limiting unit stresses shal' 
also be used for members stressed by wind pressure, or momentum of moving 
train. Net sections must be used in all cases in calculating tension members, 
and, in deducting rivet holes, they must be taken one-eighth of an inch larger 
than the size of the rivets. The net section of any tension flange or member 
shall be determined by a plane cutting the flange square across at any point. 
The greatest number of rivet holes which can be cut by any such plane, or 
whose centers come nearer than two and a half inches to said plane, are to 
be deducted from the gross section when computing the net area. 

For compression members, this permissible stress of 15 000 pounds shall be 
reduced in proportion to the ratio of the length to the least radius of gyration 
of the section by the following formula : 



_ 15 000 
I 



/ = ; 72' 

13 500 r^ 

in which p is the permissible working stress per square inch in compression, / 
the length of piece in inches, between centers of connections, and r the 
least radius of gyration of the section in inches. No compression menibei^ 
however, shall have a length exceeding 100 times its least radius of g}Tation, 
except those members of trusses whose main function is to resist tension and. 
all compression members for wind bracing which may have a length, not 
exceeding 120 times the least radius of gyration. 

Members subject to alternate stresses of tension and compression ir 
immediate succession (as counter stresses in web members of trusses) shall 
be so proportioned that the total sectional area is equal to the sum of the areas 
required for each stress. 
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In case the maximum stresses due to wind added to the maximum stresses 
due to vertical loading (including impact) shall exceed 19000 pounds per 
square inch, properly reduced for compression, addition must be made to such 
sections until this limit is not exceeded. The permissible stresses for the con- 
nections shall be increased proportionately. Should the stresses be reversed 
in any possible case, proper provision must be made for such stresses in the 
opposite direction. 

To insure the stability of bridges under increased live loads, a live load 
shall be assumed 100 per cent greater than that previously provided for in this 
specification. If the resultant stress per square inch in any member is more 
than twice the permissible stress previously specified, additions must be made 
to the sections until that limit is not exceeded. 

The shearing stress on rivets, bolts, or pins shall not exceed 1 1 000 pounds 
per square inch of section ; and the pressure upon the bearing sur£cice of the 
projected semi-intrados (diameter times thickness) of the rivet, bolt, or pin 
hole shall not exceed 22 000 pounds per square inch. In field riveting, the 
number of rivets thus found shall be increased 25 percent if driven by hand, 
and 10 percent if satisfactory power riveters are used. The amount of field 
riveting must be reduced to a minimum, without, however, diminishing the 
number of rivets requisite for strength and rigidity. Whenever it is prac- 
ticable, all designs are to be so made that the field rivets can be driven readily. 
For members of any importance, more than two rivets are to be used for each 
connection. Rivets are not to be used in direct tension. 

If the extreme fiber stress resulting from the bending due to the weight 
only of any member does not exceed 10 percent of the specified unit stress, 
the effect of such bending may be ignored ; but if it does so exceed, its effect 
must be combined with those of the other stresses, using, however, for deter- 
mining the sectional area, a unit stress 10 percent greater than that specified. 

In general, all trusses shall have miin end posts inclined. The effective 
length of pin-connected spans shall be the distance between centers of end 
pins of trusses. The effective depth shall be the perpendicular distance 
between gravity lines of chords, which lines must" pass through the centers of 
pins. 

GENERAL PRINCIPLES OF DESIGNING. 

[From Waddell's Specifications.] 

The axes of all members of trusses or girders, and those of lateral systems 
coming together at an apex of a truss or girder, must intersect at a point when- 
ever such an arrangement is practicable ; otherwise the jjjreatest care must be 
employed to insure that all the induced stresses and bending moments caused 
by the eccentricity be properly provided for. 
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Truss members and portions of truss members must always be arranged in 
pairs symmetrically about the central plane of the truss, except in the case of 
single members the axes of which lie in said central plane of truss. 

In proportioning main members of bridges, symmetry of section about two 
principal planes at right angles to each other is to be attained wherever prac- 
ticable ; but in designing top chords and inclined end posts, this rule cannot 
be followed. 

In both tension and compression members the center line of applied stress 
must invariably coincide with the axial right line passing through the centers 
of gravity of all cross-sections of the member taken at right angles thereto. 

The principle of symmetry in designing must be carried even into the 
riveting ; and groups of rivets must be made to balance about center lines and 
central planes to as great an extent as is practicable. 

In all structural metal work, excepting only the machinery for operating 
movable bridges, no torsion on any member shall be permitted if it can possibly 
be avoided ; otherwise the greatest care must be taken to provide ample strength 
and rigidity for every portion of the structure affected by such torsion. 

In all main members having an excess of section above that called for by 
the greatest combination of stresses, the entire detailing is to be proportioned 
to correspond with the utmost working capacity of the member, and not merely 
for the greatest total stress to which it may be subjected. In this connection, 
though, the reduced capacity of single angles connected by one leg only must 
not be forgotten. 

Designs must invariably be made so that all metal work after erection shall 
be accessible to the paint brush, excepting, of course, those surfaces which are 
in contact with each other or with the masonry. This requirement rules out 
all closed columns of every type and description. 

In general, details must always be proportioned to resist every direct and 
indirect stress that may ever come upon them under any probable circumstances, 
without subjecting any portion of their material to a stress greater than the 
legitimate corresponding working stress. 

In all designs simplicity in both main members and details is to be con- 
sidered of the greatest importance. In all structures rigidity is to be considered 
quite as important an element as mere strength. 

In all designing true economy must be given the utmost consideration ; and 
no useless material must be employed, every pound of metal in the structure 
having a legitimate function ; but economy of material must not be quoted as 
an excuse for using inferior details or scamping the work in respect to strength, 
rigidity, or appearance. 
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In all structural work the subject of aesthetics must be duly considered ; and 
all designs are to be made in harmony with the principles thereof, to as great 
an extent as the money available for the work will permit, or as the environ- 
ment of the structure calls for. 

For convenience of reference the remaining items of the 
specifications are printed in the following articles to which they 
relate. In the extracts from specifications which are printed in 
this chapter, slight modifications are sometimes made for the 
sake of simplifying the problem for the student who is taking 
his first lessons in designing, rather than to express disagreement 
with the original provisions. 

Seven panels will be adopted for the trusses, making the panel 
length 25 feet. Six panels would make the panel length over 
29 feet, thus giving a comparatively heavy floor system ; and 
since the spacing of the trusses is 1 7 feet, it would give poorer 
proportions to the lateral systems, and therefore render them 
less effective. On the other hand, eight panels make the panel 
length less than 22 feet, which is rather short for a bridge of 
this span. 

Art. 84. Floor Timbers. 

Specifications. — Cross-ties, foot planks, and guard timbers shall be of 
long-leaf Southern yellow pine. The wooden floor shall be so designed 
as to insure safety from passing trains for the railroad employees. The 
spaces between cross-ties shall, in general, not be less than five inches nor 
more than six inches wide. The sizes of the cross-ties shall be such as to 
give the requisite resistance to bending, under the assumption that the load on 
one pair of wheels is distributed equally over three ties, the effect of impact 
being considered. No cross-tie shall be less than seven, or preferably, eight 
inches wide, nor less than six inches deep, nor less than i o feet long. 

Cross-ties shall be notched not less than one-half inch over the stringers 
and be given a full and even bearing on the flanges ; and each alternate cross- 
tie shall be secured thereto at each end by a |-inch hook bolt, having at the 
hook end a square shank, at least two inches long, to prevent the bolt from 
turning. All timber bolts shall be of soft steel with cold-pressed threads. 

Outer guard timbers shall be 6" x 8'', laid flat, notched one inch over the 
cross-ties, and placed so that their inner faces shall be just twelve inches from 
the gage planes of the rail. Each guard timber must be bolted to each alter- 
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iiate cross-tie by a |-inch screw bolt, the head of which shall be countersunk 
into the wood by means of a cup-shaped washer. Each guard timber must be 
spliced over a cross-tie with a half-and-half joint of at least six inches lap, 
through which must pass a f-inch screw bolt. Guard timbers shall extend 
over all piers and abutments. 

Inner guard rails shall consist of steel track rails securely fastened to the 
cross-ties, so that the outer sides of the heads shall be just five inches from 
the gage planes of the track rails. 

The allowable tension in the extreme fibers of long-leaf Southern yellow 
pine timber in bending, the effect of impact being considered, shall be 2000 
pounds per square inch. 

In estimating the dead load the weight of yellow pine shall be assumed at 
3} pounds per foot, board measure, and that of the rails, spikes, and joints at 
160 pounds per linear foot of track. 

The greatest stress in the cross-ties is produced by the 
alternative loading specified. (See Arts. 32 and 83.) The 
weight on one axle is s8ocx) pounds. The impact is also 
SScxDO pounds. If the cross-ties be 8 inches wide and spaced 
6 inches in the clear, three ties and spaces will cover a length 
of 3 J feet. Assuming the total weight of the track as 450 
pounds per linear foot, the weight for a length of 3^^ feet 
is 1575 pounds. The total load on three ties is therefore 
1 17 575 pounds, and for each rail on one tie I9 6cx> pounds. 
The dead load is relatively so small that it may be assumed 
to be also concentrated at the track rails, without appreciable 
error. The stringers are spaced 6| feet apart (Art. 85). The 
cross-tie is a beam with two concentrated loads, each of 19600 
pounds, spaced 4 feet 1 1 J inches apart and placed symmetri- 
cally with respect to the supports furnished by the stringers. 
The bending moment is therefore 181 300 pound-inches. For a 
unit stress of 2000 pounds per square inch and a width of 
8 inches, the required depth of the cross-tie is found to be 
8.24 inches. A depth of 9 inches will accordingly be taken. 
If the width were 7 inches, the depth would also be 9 inches, but 
this width makes the compression under the rail rather high. 
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Let the cross-ties be alternately lo and 14 feet in length, 
the additional length being required to support a 2-inch plank 
footwalk on each side of the track. A computation of the 
weight of the track shows that it equals about 440 pounds per 
linear foot. 

Art. 85. Track Stringers. 

Specifications. — The stringers shall be spaced 6i feet between centers. 
Stringers for truss bridges shall invariably be built of plates and angles, and 
no cover plates will be allowed for the flanges. Their depths shall be made 
not less than the most economic ones in respect to weight of metal required, 
provided that the bridge clearance will permit, and never less than one-twelfth 
of the span. The stringers are to be riveted to the webs of the floor beams. 
No splices will be allowed in their flanges, nor any in their webs, provided 
that sufficiently long web plates are procurable. The compression flanges 
shaU be maSe of the same gross section as the tension flanges ; and they shall 
be so stiffened that the unsupported length shall never exceed twelve times 
the width of flange. 

Rigid diagonal bracing of angles is invariably to be used between the top 
flanges of stringers, and rigid cross-frames are to be employed near all ex- 
pansion points. If the panel length exceed thirty feet, there shall be a cross- 
frame at mid-lengfh between the contiguous stringers of each track ; but for 
all shorter panels the rigid lower lateral diagonals which are riveted to the 
bottom flanges will stiffen the latter sufficiently. 

The effective length of the stringers shall be the distance between centers 
of floor-beam webs. The effective depth shall be the distance between the 
lines passing through the centers of gravity of the sections of the upper and 
lower flanges. The unit stress in the net section of the tension flange shall 
not exceed 15 000 pounds per square inch. The web shall be regarded as re- 
sisting its proportion of the bending moment. The shearing stress in the 
web plate shall not exceed 10 000 pounds per square inch. See other unit 
stresses in Art. 83. The web shall have stiffeners riveted on both sides, at 
intervals not exceeding the full depth of the web plate when its thickness is 
less than one-sixtieth of the unsupported distance between the flange angles. 
The end stiffieners are to be feced or otherwise treated so as to make the 
stringers of exact length throughout, and so as to effect a uniform bearing of 
the end stiffeners against the webs of the floor beams. The general rules for 
riveting applied to the design of plate girders (Chap. VII) are to apply also 
to stringers. Flanges of stringers carrying the vertical load from the cross- 
ties shall have their rivets spaced uniformly from end to end, and at the mini- 
mum distance employed. 
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Since the design of a plate girder is explained in detail in 
Chapter VII, and a stringer is a plate girder of short span and 
simple form, only the principal results of the computations are 
given in this article, with but very brief descriptions of the 
methods employed. 

The span of the stringer equals the panel length of the truss, 
or 25 feet. The equivalent uniform live load for a span of 25 
feet is 9850 pounds per linear foot per track, and the maximum 
bending moment for one stringer is 384 8cK) pound-feet. The 
coefficient of impact for the same span is 0.923, and the cor- 
responding moment, 355 100 pound-feet. The weight of the 
track carried by one stringer is 220 x 25 = 5500 pounds, while 
the weight of one stringer and of half the lateral' bracing is 
assumed to be 5100 pounds, making the dead load 10600 
pounds. The dead-load moment is 33 100, and the total bend- 
ing moment 773 000 pound-feet. 

The diagram of end shears gives 146000 pounds for a span 
of 25 feet, making the vertical live-load shear at the end of each 
stringer 73 000 pounds. The allowance for impact is 6y 380 
pounds, and the shear due to dead load 5300 pounds, thus giv- 
ing a total vertical shear of 145 680 pounds. 

Since the specifications require the depth to be taken large 
enough to make the weight of metal a minimum, let the depth 
of the web plate be taken as 42 inches, or a little less than one- 
seventh of the span. The method of determining this value, 
as well as the approximate weight of the stringer, will be ex- 
plained later in this article. Let the web project one-half inch 
above the upper flange angles, so that the cross-ties need to be 
notched only over the web plate and not over the full width of 
the flange. 

For the specified shearing stress of 10 000 pounds per square 
inch the net section of the web must be 14.57 square inches. 
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A thickness of 3^" allows for 9 rivet holes of {§" diameter, or 
only 8 of i" diameter. This is probably just about sufficient 
for the net section, which is that through the inner line of 
rivets in the end connection of the stringer. This thickness, 
however, requires stiflfeners to be used, which may be avoided 
by increasing the thickness to J". As flange angles 6 inches 
wide are most suitable for stringers without cover plates, the 
clear distance between flange angles is about 29^ inches. It 
will be economical to do this, since seven pairs of stiffener 
angles, 3|" x 3 J'' x |", weigh about 4CX) pounds, while the in- 
creased weight of the web plate is only about 220 pounds. 
The extra material in the web plate also increases the stiffness 
of the stringer. 

The outer row of rivets in the 6-inch flange angles is 2\ 
inches from the backs of the angles (Art. 34). According to 
the method explained in Art. 56, a section of the web plate 
passing through the outer rivets of the flanges has its resisting 
moment reduced to 88.4 percent of that of the solid plate, and 
hence one-sixth of this, or 14.7 percent of its gross section, 
may be used as equivalent flange area. This gives 0.147 x 41.5 
X ^ = 3.06 square inches, provided the half inch which the web 
plate projects above the top flange is neglected. If the section 
be taken through the inner rivets, which are 4| inches from the 
backs of the angles, the corresponding values are 91.4 percent, 
15.2 percent, and 3.15 square inches. It will be observed that 
the ratios for the equivalent flange areas are a little over one- 
seventh. 

For the specified tensile stress of 1 5 cxx) pounds per square 
inch and an estimated effective depth of 38.2 inches for the sec- 
tion through the outer rivet holes and the back of the lower 
flange angles placed J" below the edge of the web, the required 
net area of the lower flange is 
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773 OCX) X 12 ^ jg jg ^ ^^^^ inches, 
38.2 X 15000 

and that of the flange angles alone is 16.18 — 3.06 s 13.12 
square inches. Two angles 6" x 6" x f " give a net area of 
2(7.11 — 0.625)= 12.97 square inches. If the section be taken 
through the inner rivet holes, the effective depth is 38.45 inches, 
and the required net area of the flange angles is 

16.08 — 3.15 = 12.93 square inches. 

In order to avoid using angles \l" thick let the backs of the 
lower flange angles be placed \" instead of \" below the edge 
of the web plate. In this case the smaller effective depth be- 
comes 41.5 + J — 1.73 — 1.68 = 38.34 inches. This reduces the 
required net area from 13.12 to 12.97 square inches, and hence 
the 6" X 6" X f " angles may be accepted. 

Let the rivet pitch in the flanges be determined next. The 
maximum vertical shear at the end is 145 680 pounds, and the 
increment of flange stress per linear inch (see Art. 59) is 

12.97 ^ 14s 680 ^^^^ , 

— r-^^ X --t^ = 3075 pounds. 

16.03 38.34 ^ ^^ 
The vertical load on the flange, including impact, is 

52 790/42 = 1257 pounds. 

The resultant of these horizontal and vertical components is 
3325 pounds. The allowable bearing value of a ^" rivet in a J'* 
web plate is 9630 pounds, and hence the theoretic rivet pitch at 
the end is 9630/3325 = 2.90 inches. In accordance with the 
specifications a uniform pitch of 2| inches will be used through- 
out. 

Since the vertical angles which connect the end of the 
stringer to the web of the floor beam are to be straight, fillers 
whose thickness equals that of the flange angles are placed 
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under the connecting angles and made wide enough to receive 
an extra row of rivets beyond the angles. The value of a |" 
rivet in single shear at ii ocx) pounds per square inch is 6610 
pounds, while the bearing value is 9630 pounds, as stated in the 
preceding paragraph. As the rivets connecting the angles and 
the fillers to the web plate are in double shear, the bearing 
value of the rivets will govern in determining the number re- 
quired to transmit the shear from the web plate into the con- 
nections. This number is therefore 145 680/9630 = 16. 

In finding the minimum number of rivets which must pass 
through the angles, the value of the rivets in double shear will 
govern, since that is less than their bearing in the two angles 
combined, or in the web and filler plates combined. The number 
required must therefore not be less than 145 680/13 220= 11. 
Those passing also through the flange angles cannot be counted 
in either number, since their duty is to transmit the flange 
stresses. 

The rivets connecting the other legs of these angles to the 
web of the floor beam are field rivets, and since there are two 
rows of rivets in single shear, the number in each angle must 
be one-fourth greater than 11, which gives 14. While this 
number of rivets may be crowded into a single row, it makes 
the pitch about 2| inches, and it is therefore preferable to 
use 6" X 6" angles. By counting the rivets in the flange 
angles, the number in the other leg of each angle is 15, and 
as the rivets in the adjacent rows must stagger, it is necessary 
to put 15 rivets into the other leg also. The thickness of 
the connecting angles cannot be determined theoretically; but 
experience shows that "^" will be sufficient, although ^" is 
frequently employed. As the web is J" thick and the stringer 
has to be faced at the ends, the angles will be made J" thick. 
The filler plates must then be 9" x f". Fig. 113 shows that 
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all the necessary conditions are satisfied by placing 6 rivets 
in the fillers outside of the angles. 

Sometimes fillers are used in practice whose width does not 
exceed that of the angles ; but such an arrangement is not to 
be approved. If in the above example 16 rivets could be 
put through the connecting angles in the space bet\veen the 




flange angles without reducing the pitch below the minimum 
allowed, the connection would not have the same degree of 
strength ; for some tendency to bend the rivets is developed 
in transferring the entire shear directly from the web to the 
angles, to resist which extra rivets would be required. With 
the arrangement shown in Fig. 113 extra rivets are often 
necessary when only a single row of rivets is placed in the 
angles in order to keep the pitch from exceeding the maxi- 
mum allowed in the row outside of the angles. 
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The skeleton diagram of the lateral system is given in Fig. 
114. According to the specifications the upper flange must 
be stayed laterally at intervals not exceeding 12.56 feet, and 
this condition is satisfied by the arrangement shown. It also 
makes the connections with 
both girders exactly alike, so 
that the same patterns may 
be used for both. The 
stresses S^ and S^, due to 
the wind load, are found to be ± 4970 and ± 3830 pounds, 
respectively. The length of a lateral is 90 inches, and hence 
the least radius of gyration must not be less than 90/120=0.75. 
This requires the use of 4" x 4" angles, and with a minimum 
thickness of |" the area is considerably in excess of that required 
for the stresses, including those due to eccentric connections. 

The final estimate of the weight of the stringer is now com- 
puted with the aid of the tables in a handbook. 

Pounds. 
4 flange angles, 6" x 6" x f" x 24' 11 J", @ 24.2 lbs. . . . 2416 

I web plate, 42" x J" x 24' 11 J", @ 71.4 lbs 1782 

4 connecting angles, 6" x 6" x J" x 3' 4|", @ 19.6 lbs. . . 264 
4fillers, 9X 4" X 2' 5}", @ 19.13 lbs 186 



Half lateral system : 

2j lateral angles, 4" x 4" x J" x 7' 4", @ 9.8 lbs. 
2 connecting plates, 8" x J" x i' 8", @ 10.2 lbs. 
I connecting plate, 8" x |" x 11" (corner dipped) 
238 pairs of rivet heads, @ 0.369 lb 

Total 



180 

34 
8 

88 



4958 



In addition to their own weight and that of their lateral sys- 
tem, the stringers support a part of the weight of the lower 
laterals of the bridge and of their connections to the stringers. 
The assumed weight of 5100 pounds exceeds that just obtained 
by a sufficient amount to avoid the necessity of revising the 
moments and shears due to the dead load. It should also be 
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remembered that the end connections are really supported by 
the floor beam^ and their weight therefore causes no stresses 
in the stringers. 

The weight of one stringer and one-half of the lateral system 
is distributed as follows : 





Weight in 
Pounds. 


Prrcbntagb op 
Total Wbight. 


Flanges 

Web plate 

End connections with floor beams 

Half lateral system 

Rivet heads 


2416 

1782 

450 

222 

88 

4958 


48.7 

35-9. 
9.1 

4.5 
1.8 J 

lOO.O 


84.6 

15.4 

100.0 



This table also shows that the specification in regard to the 
depth of the stringer is practically satisfied, for the weight of 
the flanges is only 184 pounds greater than that of the web, in- 
cluding the end connections. The percentages of these two 
items are 48.7 and 45 respectively. This indicates that theo- 
retically the total weight is near the minimum. As it seemed 
probable that a depth of 44 inches might give better results, 
another design was made which gave the following weights : 
Flanges, 2187 pounds; web plate, 2098 pounds; end connec- 
tions, 459 pounds ; rivet heads, 78 pounds ; lateral bracing, the 
same as before; and the total, 5055 pounds. The web had to 
be increased in thickness to ^^g" in order to avoid the use of 
stiffeners, and the flange angles were reduced in thickness to 
■^^". In this case the weight of the flanges is less than that of 
the web, and hence the depth of 42" gives practically the mini- 
mum material. 

The above analysis of the weight of a stringer is also useful 
in checking the assumed weight after but few preliminary com- 
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putations are made to determine the web and flange section. 
In an example published in the first edition of this part of the 
text-book, in which flange cover plates and web stiffen ers were 
employed, the live load being only about three-fifths as heavy, 
and the economic depth 38 inches, the combined weight of the 
flanges and web plate was found to be 77.6 percent of the entire 
weight. This indicates that even in extreme cases the variation 
in this percentage is not very large. 

Art. 86. Floor Beams. 

SPEcn^iCATiON. — The effective length shall be the perpendicular distance 
between the central planes of trusses. All spans shall have end floor beams 
riveted rigidly to the trusses, to support the stringers. The intermecHate floor 
beams in through bridges are to be riveted between the posts. For unit 
stresses see Art. 83. Most of the specifications relating to stringers apply 
also to floor beams. 

For convenience in erection, bracket angles are riveted to the 
lower flange of the floor beam or to the web just above the flange, 
on which to support the stringers until their end-connecting 
angles are riveted to the floor-beam webs. 

Assuming that the vertical legs of the flange angles do not 
exceed 4 inches, it is found that a depth of 54 inches will bring 
the top of the cross-ties between 2 and 3 inches higher than the 
top of the floor beam, provided the. bracket angle has a 5-inch 
vertical leg and is riveted to the lower flange angles. 

The floor beam carries, in addition to its own weight, two con- 
centrated loads 3' 3" from its center, each load consisting of the 
maximum sum of the adjacent reactions of the stringers on both 
sides. This sum includes the weight of one stringer, and of 
the track which it supports, and the corresponding live load. 
Using the same values as in the preceding article, the dead load 
of one stringer is 5500 + 5 100 = 10 600 pounds. The equivalent 
uniform live load must be taken for a span of two panel lengths, 
or 50 feet, and by means of Waddell's diagram it is found to be 
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80CX) pounds per linear foot per track. The live load at each 
stringer connection is therefore 4000x25=100000 pounds. 
The allowance for impact is 85 700 pounds, and the total load 
196 300 pounds. The approximate weight of the floor beam is 
assumed to be 4200 pounds. 

The maximum vertical shear is 198400 pounds, and for the 
allowable shearing stress of 10 000 pounds per square inch, the 
net section of the web is 19.84 square inches. A thickness of 
^" will allow for about 14 rivet holes in the net section of the 
splice, which is probably sufficient. Assuming one-eighth of 
the gross section as the equivalent flange area of the web plate, 
its value is 3.37 square inches. 

It is desirable to determine the rivet pitch approximately 
before the flange angles are definitely selected, in order to 

know whether the rivets can be placed 
in a single row. The effective span 
of the floor beam is 17 feet, the dis- 
tance between the centers of trusses. 
The bending moment due to the two 
concentrated loads is i 030 600 pound- 
feet, and that due to the weight of 
the floor beam is 8900 pound-feet, 
making the total 1 039 500 pound- 
feet. The moment diagram is shown 
in Fig. IIS, the moment due to dead 
load being laid off below the axis. Assuming an effective depth 
of S3 inches, and using the specified unit stress, the required 
net area of the lower flange is 

1039500x12 ^ ^^ ,^ ^^ . u 

— ^^-^ 3-37 =* 12.32 square mches. 

53x15000 

The approximate increment of flange stress per linear inch be- 
tween the end and the stringer connection is 12.32 x 15 000/63 



I 



s 



Uniform Load - 4200 Ibi. 



1 






M 




I 







UlUteHMPMMT 



Fig. xi5« 
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« 2934 pounds. The pitch is, therefore, about 9630/2934 = 
3.28 inches, the bearing of a J" rivet in the J" web plate being 
9630 pounds. This indicates that only one row of rivets is 
needed to connect the flange angles to the web. 

Let the following composition of the flange be taken, which 
furnishes a net area of 12.30 square inches : 

2 angles, 5" x 4" x ^'j", 2 (4.75 — 1.13) = 7.24 square inches. 
I cover plate, 11" x ^<f", (6.19 — 1. 13) = 5.06 

12.30 

The center of gravity of the solid section of the upper flange 
is 0.55" below the backs of the angles, and that of the net 
section of the lower flange is 0.60" above the backs of the 
angles, the rivet holes in the vertical legs of the angles being 
also deducted, since they are less than 2 J inches from the sec- 
tion through the rivet holes in the horizontal legs of the angles 
and in the cover plates. Placing the backs of the angles J" 
beyond the edges of the web plate, the effective depth is 54 -|- 
0.25 — 0.60—0.55 = 53.1 inches. This value reduces the re- 
quired net area of the flanges to 15.66—3.37= 12.29 square 
inches. The above composition of the flanges may therefore 
be adopted, provided it is found later that the equivalent flange 
area of the web is not less than that assumed. 

As shown in Fig. 1 16, the web plate will be spliced in order 
to allow the bottom of the floor beam to be on the same level as 
that of the post, that the connecting plates of the lateral system 
may be riveted to both, and also to allow the end web plate to 
be extended above the upper flange for the connection to the 
post. The method of designing this splice is the same as that 
explained in Art. 56. The rivets in the lower half of the inner 
row of rivets are located at the following distances from the 
neutral surface, all expressed in inches: o, 3.5, 6.5, 9.5, 12.5, 
15.5, 18.5, 21.5, and 24.625. The last distance is that of the 
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rivet in the flange angles. The squares of these numbers are : 
o, 12.25, 42.25, 90.25, 156.25, 240.25, 342.25, 462.25, and 606.37. 
Their sum is 1952.1 inches^. The resisting moment of the 
lower half of the solid web plate is i 822 500 pound-inches, and 
the moment deducted by the rivet holes in this row is 7500 X 
1952.1/27.125=539750 pound-inches, 7500 pounds being the 
tensile strength deducted by one rivet hole at the distance of 
the outer fiber, or 27.125 inches, from the neutral surface. If 
the outer row of rivets had the same number of rivets as the 
inner one, the resisting moment of the net section would be 



I 282 750 pound-inches. It must be a little larger than thb 
because the net section of the web allows only 14 rivet holes. 
The sum of the moments of the bearing values of the rivets in 
the web plate is 9630 x 1952.1/24.625 = 763 400 pound-inches, 
9630 pounds being the bearing value of the rivet which is 24.625 
inches from the neutral surface. This leaves a moment to be 
resisted by the rivets in the outer row of 519 350 pound-inches, 
and requires 'S.}^ (sec Art. 56) to be 1328 inches^. Let the 
rivets be omitted whose distances are 3.5, 9.5, and 15.5 from 
the neutral surface, making 2j^ equal to 1609.3 inches^. 
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On revision the reduction of resisting moment due to the 
rivet holes in the outer row is 7500 x 1609.3/27.125 = 445 000 
pound-inches, making the net resisting moment of the web 
plate I 377 500 pound-inches. The required moment of the 
bearing values of the rivets in the outer row is then 614000 
pound-inches and 2^^= 1570 inches^. This indicates that the 
strength of the splice is practically equal to that of the net 
section of the web plate, the rivets in the flange angles being 
included in both rows. That is allowable, because in this case 
the flanges have a large excess of section at the web splice, 
and the spliced plates extend clear to the left end of the beam. 
As the right-hand row contains only 11 rivets, the web has 
sufficient area to resist the shear. 

The net section of the web plate is i 377 500/ 1 822 500 = 
0.756 or 75.6 percent of the strength of the gross section, and 
hence one-sixth of this, or 12.6 per cent of the gross sectional 
area of the web plate, equals its equivalent flange area. This 
gives 3.40 square inches, which agrees almost exactly with the 
assumption previously made. 

The upper cover plate is extended to the post, it being slotted 
at the end to allow the projecting web plate to pass through. 
The lower cover is extended as far as the connecting plate for 
the lateral system permits. The rivet pitch may next be revised. 
The increment of flange stress per linear inch is 

12.30 198400 , 

— ^—-^ — = 2027 pounds, 

15.70 53.1 ^ ^ ^ 

and the pitch is 9630/2927 = 3.29 inches. It may therefore be 
made 3^" in the spaces outside of the stringers, but is preferably 
reduced to 3 inches. In the space between the stringers the 
pitch is made 6 inches, the maximum allowed. 

In the design of the stringer it was found that 30 field rivets 
are required to connect the two end angles of each stringer to 
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the floor-beam web. It remains to determine how many are 
required to carry the whole load of 196 300 pounds at each pair 
of stringer connections. Since the rivets are in double shear, 
their bearing in the web of the floor beam will govern, and the 
number is 196 300/9630=21 shop rivets or 26 field rivets. The 
number previously found will therefore be used. 

The equivalent flange area of the web which must be used 
in the final determination of the net flange area is that of a 
section taken through one of the rows of rivets in the stringer 
connection. For a section through the outer row in which the 
rivets are farther from the neutral surface, their distances being 
3.5, 8.5, 13.5, 18.5, and 24I inches respectively, the resisting 
moment is 81.6 percent of that of the solid plate, and hence its 
equivalent flange area is 13.6 percent of 27 square inches, or 
3.67 square inches. The composition of the flange therefore 
requires no revision. 

In the end connection of the floor beam, the number of shop 
rivets required to transmit the shear from the web into the 
fillers is 198400/9630= 21, and the number needed to carry it 
into the angles is 198400/13220=15. To connect the end 
angles to the post requires 198400/6610=30 shop rivets, but 
as field rivets are used their number must be increased to 38. 

The splice plates are extended to the end of the beam in 
order to act also as fillers under the end angles and to transfer 
the stresses to these angles in the most direct manner. An 
additional pair of plates is placed on the sides of the floor beam 
around the corner cut, in order to strengthen the web around 
the cut and also to serve as fillers for the curved flange angles. 

The following table gives the weight of one floor beam : 

Pounds. 
2 flange angles, 5" x 4" x ^^" x i6' if", (3 16.2 lbs. . . . 523 

2 flange angles, 5'' x 4" x ^'' x 14' 4", @ 16.2 lbs 464 

I cover plate, 11" x ^** x 16' if'i @ 21.02 lbs 339 
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Pounds 

I cover plate, II" X A'' XII' 4'', @ 21.02 lbs 238 

1 web plate, 54" x i" x u' 11 J", @ 91 .84 lbs 1022 

2 web plates, 23 J" x \" x 7' 5i", @ 40.59 lbs. (less 223 lbs.) . 383 
4 splice plates, 30}" x A" x 3' 8", @ 58.83 lbs. (less 226 lbs.) . 637 
4 filler plates, 27" x J" x 2' 10", @ 45.92 lbs. (less 201 lbs.) . 316 
4 connecting angles, ^\" x 3i" x \" x 2' 4", @ ii.i lbs. . . 104 
4 connecting angles, 3!" x 3I" x J ' x 2' 11", @ 1 1 .1 lbs. . . 130 

4fillers, 7"x j5tj"x 2' II", @ I3.39lbs 156 

4 angles, 4"x 3i"x f'x 2' 7 J", @ 9.1 lbs 96 

4 fillers, z\" X A" X 2' i", @ 6.7 lbs 56 

4 fillers, 3i" X \" x 2' 4i", @ 5.95 lbs 56 

2 fillers, 3j"x J" X 7j", @ 5.95 lbs 7 

4 angles, 3i" x 3I" x \" x 3' 3", @ 8.5 lbs in 

4 bracket angles, 5" x 4" x f ' x T 3", @ i i.o lbs 55 

596 pairs of rivet heads @ 0.369 lb 220 

Total ' 

The weight is distributed as follows : 



491 5 





Wkight in 
Pounds. 


Per- 
cent. 


Flanges 

Web plates 

Splices, end connections, etc. 

Rivet heads 

Total 


1564 

1405 

1726 

220 

4915 


31.8 
28.6 

35-1 

4.5 
lOO.O 



This analysis shows how much material is required in order 
to bring the bottom of the floor beam even with the bottom of 
the post and to clear the chord bars. As shown in Hg. 1 16, 
there are five plates riveted together to form the web around 
the corner cut. As so large a percentage of the weight of the 
floor beam is concentrated near the ends, no revision is needed 
on account of the difference between the assumed and the 
actual weights. 

The design of the end floor beam is left as an exercise for 
the student. See Plate IV for an example showing the form 
and details of its end connections. The design of the end floor 



2S6 



DESIGN OF A PIN TRUSS BRIDGE. 



Chap. IX. 



beam cannot be completed until after that of the end posts to 
which it is connected. 



Art. 87. Stresses in Trusses. 

The following data and dimensions are tabulated below for 
convenient reference : 

Span, center to center of end pins . 175' o" 

Depth, between centers of chords 31' o" 

Width, between centers of trusses 17' o" 

Number of panels 7 

Panel length 25' o" 

Length of end post, center to center of pins, 39.825' = 39' 9.9" 



e = 38<' S3' 
tan $ = 0.8065 
sec = 1 .2847 



^ = 55° 4/ 
tan & = 1 .4706 

sec 6* = 1.7784 



The angle which the diagonals of the truss make with the 
vertical is 0, and that of the diagonals of the lateral systems 
with the struts is 0', The opposite truss has the same letters 
as the one in Fig. 117, except that the letters are primed. 




The weight per linear foot of the track is 440 pounds, that ot 
the stringers and floor beams is 594 pounds, and that of the 
trusses and lateral systems is assumed to be 1336 pounds, 
making a total of 2400 pounds. The dead panel load per 
truss is 30000 pounds; one-third of which will be applied at 
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the upper panel points, and the remainder at the lower panel 
points. 

The equivalent uniform live load is shown by the diagram to 
be 6325 pounds per linear foot per track, which gives a panel 
load per truss of 79 100 pounds. The panel load for the sus- 
pender Bby however, is equal to the floor beam reaction, or 
100 oc» pounds. 

The specified wind load will be considered as equally divided 
between the windward and leeward panel points of each lateral 
system. The panel load for the upper system is 1875 pounds. 
The panel loads for the lower system are 1875 and 5625 pounds 
respectively for the static and moving wind loads. The panel 
load for the overturning moment of the wind pressure on the 
train is 7080 pounds, the distance from the base of the rail 
to the lower lateral system being estimated as 4.7 feet. 

The stresses in the trusses and lateral bracing were computed 
according to the methods of Part I, and are given in the follow- 
ing tables, their values being expressed in kips, one kip being 
equal to 1000 pounds : 





End Post. 


Upper Chord. 


Lower Chord. 


aB 


BC 


DE 


be 


cd 


de 


Dead load 


-11.5-6 


— I2I.O 


- 145.2 


+ 72.6 


+ I2I.O 


+ 145-2 


Live load 


- 304.8 


-319.I 


-382.8 


+ I9I.4 


+ 319.I 


+ 382.8 


Impact allowance 


— 192.6 


— 201.6 


-241.9 


+ I2I.O 


+ 201.6 


+ 241.9 


Wind overturning : 














On truss, east 


— 264 


- 16.5 


— 16.5 


+ 16.5 


+ 16.5 


+ 16.5 


On truss, west 


+ 26.4 


+ 16.5 


+ 16.5 


— 16.5 


— 16.5 


— 16.5 


On train, east 


- 27.3 


- 28.6 


- 34.3 


+ 17.1 


+ 28.6 


+ 34.3 


On train, west 


+ 27.3 


+ 28.6 


+ 34.3 


- I7.I 


- 28.6 


- 34.3 


Wind on truss, east 







+ 16.5 


+ 16.5 


+ 27.6 


+ 33-1 


Wind on truss, west 




— II.O 


- 16.5 


— 27.6 


- IZ'^ 


- 33-1 


Wind on train, cast 








+ 49.6 


+ 82.7 


+ 99-3 


Wind on train, west 








- 82.7 


- 99.3 


- 99.3 
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Diagonals. 


Vbkticals. 


Be 


Cd 


Dt 


Ef 


Fg 


B6 


Cc 


Dd 


Dead load 


+ 77.1 


,+ 38.5 





-38.5 


-77.1 


+ 20.0 


— 40.0 


— 10.0 


Live load 


+ 217.8 


+ "45.2 


+ 87.1 


+43.6 


+ 14.5 


+ IOOX) 


-1 13.0 


-67.8 


Impact allowance 


+ 145.2 


+ 102.5 


+ 65.4 


+ 34.8 


+ 12.5 


+ 85.7 


- 79.8 


-50.9 


Wind overturning : 


















On train, east 


+ 19.5 


+ 13.0 


+ 7.8 


+ 3.9 


+ 1.3 


+ 7.1 


- lO.I 


-6.1 


On train, west 


- 19.5 


- 13.0 


- 7.8 


- 3.9 


- 1-3 


- 7.1 


+ 10. 1 


+ 6.1 



The stresses in CD are the same as those in DE, except for 
wind on truss, west, which is + ii.o instead of -I- 16.6 kips. 
The stresses in ab are the same as those in bc^ except those in 
the last four lines of the table, for which the following values 
are to be substituted : 0,-16.5, o, and — 49.6 kips. 

The wind stresses in the upper laterals, expressed in kips, 
are: BC\ + 13.3; CD\ +6.7; DE\o\ while those in the struts 
are: -55', — 3.8 ; CC, — 5.6; DD\— 1.9. The wind stresses 
due to both static and moving wind loads in the lower laterals 
are : ab\ + 80.0 ; bc\ -I- 56.2 ; cd\ + 35.3 ; d€\ + 17.2; while those 
in the struts are: aa\ — 22.5 ; bb\ — 37.5 ; cc\ — 24.1 ; and 
ddy-- 12.3. 



Art. 88. Sections of Intermediate Posts. 

Specification. — The effective length shall be the greatest length between 
points of the axis that are rigidly held in the direction in which the strength is 
being considered. The least width of posts in pin-connected trusses shall be 
limited to 10 inches. 

Let it be required to design the section of the post Cc. Neg- 
lecting the wind stresses, which are relatively too small to affect 
the result according to the specified unit stresses, the total 
stress to be considered is 232 800 pounds. A trial shows that 
15-inch channels are required. Taking the radius of gyration 
about the neutral axis perpendicular to the web of the channels 
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as 5.43 inches, the value of l/r equals 31 x 12/5.43 = 68.5. By 
means of a table of unit stresses for values of l/r in the specified 
column formula ranging from 10 to 120, the corresponding 
average unit stress is found to be 11 no pounds per square inch, 
which requires a sectional area of 232 800/1 1110= 20.96 square 
inches. Referring to the handbook, it is found that two i S-inch 
channels, each weighing 40 pounds per linear foot, will give an 
area of 23.52 square inches. As the radius of gyration of these 
channels agrees with the value assumed, no revision is needed, 
and these channels are accordingly adopted. The flanges will 
be turned inward so as to avoid cutting them near the pin con- 
nections. It remains to determine the distance back to back of 
channels, in order that the moments of inertia about the two 
rectangular axes through the center of the section may be equal, 
thus rendering the column of equal strength against lateral 
flexure in these two directions, provided it may be equally free 
to bend in either direction. Let x be this distance, then by the 
application of the principles of moment of inertia (see Text-book 
on Mechanics of Materials, Arts. 43 and 76^ there results the 
equation 

2 X 347.5 = 2 [9.39+ 1 176 (J^- 0.783)2] 

whose splution gives ;ir= 12.29 inches. In this equation 347.5 
inches* is the moment of inertia of one channel about the axis 
AB (Fig. 118), 9.39 inches* is 
the moment of inertia about the 
axis CDy and 0.783 inch is the 

distance from the axis CD to 

\B 
the back of the channel, all _ * 

' Piar. xx8. 

these elements being given in 

the handbook. Some of the handbooks also give the distances 

back to back of channels, in order to make the radii of gyration 

equal. 
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In a similar manner it is found that two 1 2-inch 25-pound 
channels are needed for the post Ddy the radius of gyration 
being 4.43 inches, the average unit compression 9850 pounds per 
square inch, the required sectional area 13.06 square inches, and 
the area furnished by the channels 14.70 square inches. The 
distance back to back of channels for equal radii of gyration is 
10.07 inches. The channels in the posts are placed with their 
webs parallel to the plane of the truss. 

Since all the post channels must have the same spacing, in 
order that the lengths of the floor beams may be the same, and 
as.it is also important to make that distance as small as possible, 
because the width of the upper chord depends upon it, a com- 
putation may be made to see what the spacing of the channels 
in Cc must be, so that its area shall just equal that required. 
The value is found to be 10.31 inches. A uniform spacing of 
I of inches will accordingly be adopted. 

Art. 89, Sections of Diagonals and Suspender. 

Specification. — Counter-stresses must be provided for wherever caused 
by the increased live load (see Art. 83) ; and in case of reversal of stress the 
member must be designed to resist such reversal. The use of more than a 
single system of cancellation in bridges shall be confined entirely to lateral 
systems and sway bracing, except that in the middle panels of trusses two 
rigid diagonals connected at their intersection may, for appearance, be em- 
ployed, provided that either diagonal have sufficient strength to carr}' the 
entire shear in either tension or compression, and that the adjacent vertical 
posts be figured accordingly. All through spans shall have stiff end vertical 
suspenders. 

Since the minimum stress in Be is a tension of 48 800 pounds, 
it may be composed of one or more pairs of eye-bars. The wind 
stress may be neglected in designing the member according to 
the specifications. For the unit tensile stress of 1 5 Ooo pounds 
per square inch, the sectional area must be 440 100/15 000 = 
29.34 square inches. Two eye-bars, 8" x i^", provide an area 
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of 30 square inches. For a depth of 7 inches the thickness 
would have to be 2 J inches, which is not so desirable. The 
thickness of eye-bars ranges in practice from one-fourth to one- 
seventh of their depth or width. These limits are exceeded 
only in rare instances. 

In accordance with the specifications no counter-tie is allowed 
in the third panel, and hence the diagonal Cd must be designed 
to take also a compression equal in magnitude to the tension 
given in the table for -£/, in Art. 87. Let two 15-inch 50- 
pound channels be tried. The required net area for tension is 
286 200/15 000= 19.08 square inches. The radius of gyration 
r= 5.23 inches, the length /= 477.9 inches, //r= 91.4, the al- 
lowable average unit compression/ = 9260 pounds per square 
inch, and the required area for compression is 39 900/9260 = 
4.31 square inches. The net section must therefore exceed 
i9/>8 square inches, while the gross section must not be less 
than 23.39 square inches. The gross section of these channels 
is 29.42 square inches, their web thickness is 0.72 inch, and 
the grip of the rivets in their flanges is 0.625 inch. Except 
near the ends the only rivet holes are those in the flanges needed 
for the lacing. The end connections require pin plates to be 
riveted to the webs, and in channels of this size four lines of 
rivets will be used. As parts of the stay plates and pin plates 
will be opposite each other, it will be necessary to deduct the 
area of four rivet holes in the web and two in the flanges of 
each channel. This leaves a net section of 29.42 — 5.76 — 2.50 
= 21.16 square inches. The 45-pound channels will not do, as 
their net area falls below that required for the tension alone. 

It remains to test the section by the provision of the specifi- 
cations which is intended to make allowance for future increase 
of the live load. The area required for tension and compression 
under the increased live-load stresses are 17.80 and 6.54 square 
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inches respectively. The 50-pound channels may therefore be 
adopted. 

According to the specifications each of the diagonals in the 
middle panel must be designed to take the entire stress in 
either tension or compression. The net area in tension is 
152600/15000=10.17 square inches. As the diagonals are 
riveted to common connecting plates at the middle, the length to 
be used in the column formula is one-half of the total length of 
De^ or 239 inches. Let two pairs of angles, 5"x 3 J" x ^^g", laced 
together so as to form a section like Fig. 86 be tried. The 
lacing will be |" thick, and hence the space between the backs 
of the angles must be f ". The radius of gyration r = 2.60 
inches, //r= 91.9, / = 9210 pounds per square inch, and the 
required gross area is 152600/9210=16.57 square inches. 
The angles have a gross area of 17.88 square inches, and pro- 
vide more than the needed net area when a rivet hole is de- 
ducted from both legs of the angles. 

The suspender, Bb, will be designed as a stiff member for 
the reasons given in Art. jt^ its composition being made like 
that of the intermediate posts. Its required net sectional area 
is 205 700/15 000= 13.71 square inches. Two 12 inch 30-pound 
channels will be selected, as they will furnish 13.80 square 
inches, after deducting two rivet holes in both the web and 
flanges of each channel. The net section is at the connection 
to the upper pin plates, and by staggering the rivets in the three 
rows connecting the webs to the pin plates it may be arranged 
that the flange rivets through the stay plates shall be in the 
same cross-section as the middle rivets in the webs, thus increas- 
ing the available section to 14.74 square inches. 

The insufficient provision frequently made for counter-stresses 
in railroad bridges is discussed in a paper by H. S. Prichard, 
in Transactions American Society of Civil Engineers, vol. 42, 
page 547, Dec, 189Q, 
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Art. 90. Lower Chord Sections. 

Specification. — For single-track spans the two panels of the lower chord, 
at each end, shall preferably be made rigid members. 

If the wind stresses be neglected, the required net area for 
the lower chord member cd is 641 700/15000 = 42.78 square 
inches, while if they be included, the net area is 797 100/19000 
= 41.95 square inches. The larger area must be taken. Four 
taken. Four eye-bars 8" x if" give 44 square inches, and 
are therefore chosen. 

In the case of de the greater sectional area is obtained by 
omitting the wind stresses, its value being 769900/15000 = 
51.33 square inches. Four eye-bars, 8" x i|", are needed whose 
combined sectional area is 52 square inches. 

The stresses which govern the design of ab and be are the 
same, and hence a single member may be extended from ^ to ^::. 
The required net area is 385 000/15 000= 25.67 square inches. 
Let ac be composed of two built channels, like Fig. 90. Since 
the eye-bar heads of the 8-inch eye-bars are 17 inches deep 
according to the handbook, let the web plates be made 18 inches 
deep so as to avoid cutting the angles in order to pass the eye- 
bar heads at c. Selecting 2 web plates 18" x J", and 4 angles 
3 J" X 3j" X J", the rivets in the end pin plates can be so arranged 
as not to deduct more than 3 rivet holes in each web plate and 
one in each angle, giving a net area of 26 square inches. 

The specifications also require that, if the unit stress due to 
the weight of a member is greater than 10 percent of the safe 
value allowed, the sectional area must be increased. Accord- 
ing to the first method given in Mechanics of Materials, Art. 
103, the stress in an eye-bar 8 inches deep and 25 feet long, due 
to its own weight, is found to be 1187 pounds per square inch, 
which is less than the above limit. 
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The formula is 
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in which M is the bending moment of the flexural forces, c the 
distance from the neutral surface to the outer fiber in which the 
tension S^ occurs, / the moment of inertia of the cross-section, 
;/ and tn numbers depending upon the arrangemeilt of the ends 
and the kind of loading, P the longitudinal tensile force, / the 
length of the member, and E the coefficient of elasticity of the 
material. The flexure of the eye-bar under its own weight cor- 
responds to that of a simple beam uniformly loaded, and hence 
;;//«=9.6. The same result is obtained for any thickness of 
bar, and hence a single determination only is required for all 
bars of the same depth and length. The second and more 
accurate method given in the same article gives a stress of 11 76 
pounds per square inch. The value of E for soft steel is taken 
as 26 (XX) 000 pounds per square inch. 

The results of some experiments on the relative strength of 
eye-bars and built members of various forms of section are given 
in a paper entitled * Recent Tests of Bridge Members,' by J. E. 
Greiner, in Transactions American Society of Civil Engineers, 
vol. 38, page 41, Dec, 1897. 

Art. 91. Diameters of Pins. 

Specification. — The stress in the outer fibers of pins shall not exceed 
25 000 pounds per square inch, the points of application of the stresses in the 
connecting members being taken at the centers of bearings. In designing all 
pin-connected work ample clearance for packing must be provided, and ample 
room must be left for assembling members in confined spaces. Lower chords 
are to be packed as closely as possible, and in such a manner as to produce 
the least bending moments on the pins, but adjacent eye-bars in the same 
panel must never have less than a one-half-inch space between them, in order 
^o facilitate painting. The vaiious members attached to any pin must be 
packed as closely as practicable, and all interior vacant spaces must be fillea 
with steel fillers, where their omission would permit of the motion of any 
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member on the pin. All bars are to lie in planes as nearly as possible parallel 
to the central plane of the truss, no divergence exceeding one-eighth of an 
inch to the foot being permitted. 

In order to find the bending moment in the pin at d it is 
necessary to determine provisionally the thickness of the pin 
plates for the post Dd and the diagonals Cd and Ed, As the 
specifications do not permit countersunk rivet heads in metal 
less than -3^" thick, one pin plate of this thickness will be placed 
on each side of the web of each channel in the post. These 
plates and the webs will furnish sufficient bearing area for a 
pin whose diameter is not less than 5 J inches. The pin cannot 
be less than 8x15 000/22 000 = 5.46 inches for 8-inch eye-bars, 
in order to provide adequate bearing area for the eye-bars. 
Assuming that the pin will not exceed 6 inches in diameter, it 
is estimated that a 3^" pin plate will be required on each side 
of the webs of the channels composing Cd^ in order that the net 
sectional area at the pin hole shall not be less than 40 percent 
in excess of that of the net section elsewhere. The diagonal 
Ed is connected to the pin by means of pin plates only whose 
combined thickness on each side is i inch, the angles being cut 
off so as not to interfere with the post. 

The horizontal forces in the chord bars and diagonals produce 
flexure in the pin in a horizontal plane, the bending moment 
being designated by M^^y while the vertical forces.in the diagonal 
and post produce a moment M^^ their resultant being 



In order to reduce M^^ the bearings of the diagonal are placed 
outside of and next to those of the post. The eye-bars in the 
chord alternate in direction so as to allow space between adja- 
cent bars of the same panel for painting. To reduce M^, one of 
the smaller bars is put on the outside. The arrangement, or 
packing, of the eye-bars, etc., on one side is indicated in Fig. 1 19. 
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Chap. IX. 



A clearance of ^" is allowed between eye-bars, and |" where 
one or both of the adjacent members contain countersunk rivet 
heads. The stresses marked on the chord bars are the safe 
values for their actual sections. The stress in Cd is that 
required to make the algebraic sum of all the horizontal forces 
acting on the pin equal to zero. The straight sides of the 
equilibrium polygon are drawn by considering the stresses 
applied at the centers of the respective bearings, as specified. 




Fig. izg. 

while the curved lines give the form of the diagram when the 
stresses are regarded as uniformly distributed on the bearings. 
The curves are parabolas, the points of tangency lying in the 
ordinates through the sides of the eye-bars, and other members 
(Part II, Art. lo). The original diagram was drawn full size 
for the linear dimensions, and the pole distance made equal to 
looooo pounds. The ordinate at the post bearing, where 3f^ is 
a maximum, measured 2.50 inches, making 

Mn = 2.50 X 100 000 = 250000 pound-inches, 
M^ = 74 400 X 1.49 =110 900 pound-inches, 

74 400 pounds being the vertical component of the stress in Cd 
which corresponds to the horizontal component of 60000 
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pounds, while 1.49 inches is the distance between the centers 
of bearing of the diagonal and post. Both horizontal and 
vertical moments are uniform between the two sides of the post, 
as there are no forces acting on the pin within those limits. 
The resultant Mis 273 400 pound-inches, but since this value is 
less than Af^ at the inner bar of Jc where there is no M^, the 
maximum moment is 423 000 pound-inches. According to the 
handbook this requires a pin 5| inches in diameter, whose resist- 
ing moment is 436 800 pound-inches. 

In a similar manner the bending moments are found in the 
pin at c, it being estimated that two pin plates are required for 
each half of the stiff chord member be, one f " and the other J" 
in thickness. The greatest value of Mi^ is 446000 pound- 
inches at the post bearing, while M^ is 295 000 pound- 
inches, making Af = 529 500 pound-inches. A 6-inch pin 
whose resisting moment is 530200 pound-inches will therefore 
be required. 

If the outer eye-bars in cd be reduced in thickness to i^ inches 
and the inner ones increased to 1 1 inches, the other members 
remaining the same, iW^ is reduced to 340000 pound-inches, 
and M to 443 500 pound-inches, thus requiring a pin 5| inches 
in diameter. This change makes a still larger reduction in the 
moments on the pin at d, and indicates the method by which 
the diameter of the pin may be brought within given limits 
when desired. 

The bending moments on the pins at a and B need not 
usually be found, as they are smaller than those at c and d. 
The pins at those panel points will, however, be made the same 
size, so as to reduce the total thickness of pin plates otherwise 
required. Pins 6 inches in diameter will then be adopted at a, 
c, d, and B. Those at C and D will be designed after the 
upper chord sections are determined. 
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Art. 92. Upper Chord Sections. 

Specification. — In members subject to compression, rivets shall be so 
spaced that they shall not be farther apart in the direction of the stress than 
sixteen times the thickness of the thinnest external plate connected, and not 
more than fifty times that thickness at right angles to the direction of the 
stress. 

The standard diameter of the head of an 8-inch eye-bar when 
the pin does not exceed 6 inches is 17 inches, according to one 
of the handbooks. If the eye-bars of Be are placed inside of 
the upper chord, the web plates must be at least 18 inches deep 
to provide ample clearance. The width of the chord must also 
be determined at this panel point. For a single-track bridge of 
175 feet span a composition like that shown in Fig. 96 is appro- 
priate. In Art. 88 the distance back to back of the channels in 
the posts was found to be io| inches, and hence those in the 
suspender will be spaced the same distance. The pin plates on 
the outside of the suspenders are estimated to be \Y^ thick. 
Considering one side only for simplicity, and allowing ^^ for a 
clearance next to the pin plate, i|"for the thickness of one eye- 
bar in BCf I" for another clearance, |" for a jaw plate, and J" 
for a pin plate, both connected to the inside of the upper chord 
web, and J" for the thickness of web plate, the distance from 
the center of the suspender to the outside of the chord web 
plate, or to the backs of the angles, is found to be <)\ inches, 
and if the angles be 3 J inches wide, the cover plate must be 26 
inches wide. The lines of rivets connecting it to the angles are 
23 inches apart, and hence the cover plate must be j^g" thick to 
satisfy the requirement of the specifications regarding the max- 
imum spacing of rivets at right angles to the direction of the 
stress in compression members. 

Since the specified unit stress involves the radius of gyration, 
an approximate value must be assumed. A convenient rule 
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makes the radius of gyration about a horizontal axis equal to 
four-tenths of the depth out to out. This depth is estimated to 
be 19.44 inches, making ^=7.78 inches, //r=38.6,/= 13 510 
poimds per square inch, and the required sectional area 

641 700/13 510 = 47.50 square inches. 
The composition of the section is as follows : 

« 

1 cover plate, 26" x ^" 11.37 square inches* 

4 angles, 3i" X 3J" X t;^" 11.48 

2 web plates, 18" x ^" 15-76 

2 flats, 5" X i" 10.00 

Total 48.61 

Placing the backs of the angles ^" beyond the edges of the web 
plates, the center of gravity is found to be 0.21" above the 
center of the web plates. The pin may accordingly be placed 
with its axis passing through the centers of the web plates, for it 
is found that an eccentricity of 0.24" would . 

just make the negative moment due to the ^m \ 
maximum direct compression equal in mag- ^ | ! 

nitude to the positive bending moment pro- ~] 1"" 

duced by the weight of the chord. ^J^ I _ 

The following computation gives the mo- "'" '*** 

ment of inertia with reference to the neutral axis AB in Fig. 120: 

1 cover plate, ^ X 26(1^5)* = 0.2 

11.37(0.22+0.125+9.0)*'* . = 992.9 

4 angles, 4 x 3.26 = 13.0 

11.48(9.125 - 1.04)* = 750.4 

3 web plates, 2 x ^^^ x j^ x i8* = 425.2 

2 flats, 2 X y'i X 5 X i' = 0.8 

10(9.125+0.5)* = 926.4 

3108.9 
48.61(0.21)* . , . = 2.1 

/ . . . = 3106.8 inches*. 
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For convenience the moment of inertia is first computed for a 
horizontal axis through the centers of the web plates and then 
reduced to the neutral axis. The radius of gyration is 



^ = \ \ J = 8.CX) inches, 
^ 48.61 

and the revised area is found to be 47.25 square inches. 

As the stress in CD is larger than that in BCy and its addi- 
tional sectional area will be placed in the sides, leaving the 
cover plate and flats unchanged, its radius of gyration wall be a 
little smaller than that for BC^ and hence r = 7.78 inches will 
again be assumed. The approximate sectional area for CD is 
then 769900/13 510= 56.99 square inches. Using the same 
composition as for BC except to increase the thickness of the 
web plates to ^J", the area is 57.61 square inches. The moment 
of inertia is then computed to be 3350.2 inches^ the radius of 
gyration 7.71 inches, and the revised required area 57.07 square 
inches. The use of ^y angles and |-" web plates would also 
satisfy the requirements, but the gross area is then 58.37 square 
inches. The former composition also has the advantage in not 
requiring the pin plates at C and D to connect to the angles, but 
only to the web plates because the entire increment of chord 
stress is taken by the web plates. The section for DE equals 
that for CD. 

Inspection shows that the moments of inertia around the 
neutral axis CD in Fig. 1 20 are respectively greater than those 
computed for the sections of both chord members, and hence the 
values of r determined above are the least radii of gyration re- 
quired in the column formula. 

The diameter of the pin at C may now be determined. The 
pin plates on the post Cc are 3^" thick, and those on the diagonal 
Cd are approximately -f^" thick, one plate being placed on each 
side of each channel web. One |" pin plate is also needed on 
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the outside of each web plate of the chord if the pin is not less 
than 5 inches in diameter. Remembering that the channels in 
the post are spaced io|" back to back, and allowing for a clear 
ance of ^" between the adjacent pin plates of the posts and 
diagonals, the distance from the center of one of the chord 
bearings to that of the diagonal is 2.796 inches, and from the 
latter to the center of the adjacent post bearing is 1.526 inches. 
Since the chord section is continuous past the pin, the maximum 
bending moment on the pin occurs when the stress in the diag- 
onal is a maximum. The full strength of the net section of Cd 
is 21.16 X 15 000= 317400 pounds. Its horizontal component 
of 199 200 pounds equals the corresponding increment of chord 
stress, and its vertical component of 241 400 pounds is the cor- 
responding stress in the post. M^, = 99 600 x 2.796 = 278 500 
pound-inches, and M^ =120 700 x 1.526 = 184 200 pound-inches, 
their resultant iW being 333 900 pound-inches. This requires a 
pin whose diameter is 5^^ inches. The same size will be adopted 
for that at the panel point D, 

In case it be desired to reduce the thickness of the flats, an 
alternative section may be designed by increasing the horizontal 
legs of the angles to a width of 5 inches. Since the gage of the 
5-inch leg for a single row of rivets is 3 inches, a flat 6 inches 
wide will not extend beyond the back of the angle. This width 
requires a thickness of f inch for the flats and increases the 
total chord section by 0.32 square inch, but reduces the eccen- 
tricity of the neutral axis to 0.18 inch. If, however, the flats 
be taken 7 inches wide, their required thickness is | inch, the 
corresponding increase in chord section being only 0.08 square 
inch, while the eccentricity is increased to 0.24 inch. 

Art. 93. Section of Inclined End Post. 

Specification. — The inclined end post must be so proportioned that the 
algebraic sum of the stresses per square inch resuhing from the direct com- 
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pressioQ and the maximum bending moment due to the wind pressure shall 
not exceed 19,000 pounds per square inch. Every column that acts as a beam 
also must have solid webs at right angles to each other, as no reliance shall 
be placed on lacing to carry a transverse load down the column. 

The maximum direct compression in the end post aB is not 
quite as large as that in BC, but its length is greater, being 
477.9 inches. Its sectional area will therefore not differ much 
from that of BC, Using the value obtained for BC of r = 8.00 
inches, l/r = 60.0, / = 1 1 840 pounds per square inch, and 
the approximate sectional area is 613 qc)o/\ i 840 = 51.78 square 
inches. The following composition is adopted, as a test shows 
that no revision is needed : 

1 cover plate, 26" x -fj' ii«37 square inches. 

4 angles, 3i" X 3i" X f«" 11.48 

2 web plates, 18" x /^" 20.24 

2 fiats, 5" X i" 10.00 

Total 53-09 

The wind stresses, according to the specifications, are not large 
enough to affect the area required to resist flexure in the plane 
of the truss, but must be considered in computing the stresses 
due to transverse flexure. 

The end posts form a part of the portal which resists the 
wind pressure carried by the upper lateral system to the portal 
strut. The end posts bend in the plane containing their center 
lines. It is necessary then to compute the unit stress in the 
outer fiber of each end post due to its combined action as a 
column under the given direct compression and as a beam sub- 
ject to the bending moment produced by the wind loads, and to 
compare it with the greatest allowable unit stress. If it exceeds 
the allowable value, the sectional area must be increased until 
the unit stress falls within the given limit. 

The moment of inertia with reference to the axis CD in 
Fig. 120 is computed as follows, it being remembered that the 
backs of the angles are 19 inches apart; 
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1 cover plate, A x A (26)* . 
4 angles, 4 x 3.26 .... 

11.48(9.5 + 1.04)* 

2 web plates, 2 x^x 18 (A)* 

20.24(9.5 —0.28)2 
2 flats, 2 X 1^ X I X 5* 



10.00(9.5 + 2.0)* . 



= 640.8 

= 13-0 

= 1275-3 
= 0.5 

= 1720.6 
= 20.8 
= 1322.5 
= 4993-5 



This computation indicates that the center line of each flat and 
the rivet line of the corresponding angle lie in the same vertical 
plane. Any eccentricity in the connection of the flats would 
develop secondary bending stresses. The radius of gyration 
with reference to the same axis is * 



r.4 



4993_i 
53.09 



= 9.70 inches. 



Let the upper part of the end post be regarded as fixed at 
the lower portal strut by the portal bracing, and the lower end 
as fixed at the pin by the ped- 
estal and the end floor beam. 
The drawing of the floor beam 
gives 4' 8f " as the distance from 
the base of rail to the bottom 
of the floor beam, and loj" from 
the bottom of floor beam up to 
the pin center. The clear head 
room required is 23 feet, and 
hence the distance from the 
center of the lower chord to the 
top of the clearance must not 
be less than 26' 9 J". Allowing 
from 10 to 12 inches for the 
width of the lower portal strut, 
the inclined distance from the 
lower pin of an end post to the pig. ,„. 




'Points of Inflection 
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bottom of the portal strut is readily found by means of a dia- 
gram to be just 35 feet. Let the distance be taken as 422 
inches. The point of inflection is at the middle of this length. 

Fig. 121 indicates the action of forces on the portal, it 
being assumed that the reactions at the feet of the end posts 
are equal. The transverse bending moment in each end post 
is therefore 5625 x 211 = i 186900 pound-inches. By the 
first method given in Mechanics of Materials, Art 102, the 
unit stress in the outer fiber is found to be 

c. Mc I 186900 X 14.0 „ 

^i = pn = *" 711 =2 = 3920 lbs. per sq. in., 

J _ f2_ _ 666 700 X 422 

g^- 4993-5 6x26000000 

making the maximum compressive stress equal to 666 700/53.09 
4- 3920 =16 480 pounds per square inch. As this value does 
not exceed the specified limit of 19000 pounds per square inch, 
no change is required in the composition of the end post. 

The general formula given in the text-book just mentioned 
is the same as that quoted in Art. 90, except that the sign in the 
denominator is changed to minus. The form in which it is 
here given is adapted to the special case of the end post whose 
elastic line corresponds to that of one-half of a beam whose 
ends are fixed and loaded at the middle. Accordingly, ««= 192, 
«=8, and the / in the general formula equals 2 / in the formula 
given in this paragraph. 

A beam whose span is /, fixed at both ends, supporting a 
concentrated load Q at the middle, and subject to a longitudinal 
compression P, has a maximum compressive stress at the ends, 
or at the load, whose value is 

in which A is the area of cross-section of the beam, c the 
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distance from the neutral surface to the outer fiber whose unit 
stress is S, and fi = {P/E/)i, in which E is the coefficient of 
elasticity of the material. Applying this formula to the case 
of the end post, and remembering that / in this formula equals 
twice that used in the special approximate formula of the 
preceding paragraph, the true maximum compressive stress 
is found to be 

5" = ~ h 3654 = 16 210 pounds per square inch, 

or 270 pounds less than the approximate value first obtained. 

Art. 94. Lateral Bracing. 

Specification. — All lateral bracing shall be made of shapes which can 
resist compression as well as tension. In detailing struts composed of 
four angles with a single line of lacing, the clear distance between backs of 
angles shall never be made less than three-quarters of an inch, in order to 
permit the insertion of a small paint-brush. The stiff diagonals of the lower 
lateral system, of which there shall be two in each panel, shall be riveted 
rigidly to the stringers where they cross them, so as to transfer in an effective 
manner the thrust of braked trains to the truss posts without causing the floor 
beams to bend horizontally. In designing short members with riveted con- 
nections the sectional area of the piece shall be increased from 10 percent 
for 6" X 3j" angles to 25 percent for equal-legged angles beyond the 
theoretical requirements for the direct stresses, so as to compensate for the 
secondary stresses due to the eccentric grip of the rivets. 

The most approved type of laterals for the upper system of 
through spans consists of two pairs of angles with one system 
of lacing between them, the depth of the member being equal to 
that of the upper chord. As the computed wind stress is only 
13 300 pounds in one of the end laterals under the assumption 
that it resists the entire shear in the panel, it is clear that the 
stress alone cannot determine the section to be used. Since the 
principal duty of the lateral bracing is to resist the lateral vibra- 
tion caused by the live load, and to hold the chord in line, it is 
important that they should have ample section to insure the 
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necessary stififness. By using |" rivets in the connections, and 
f" rivets in the lacing, the angles may be reduced in size to 
3" X 2^" X I", the longer legs being horizontal. For the 
required depth the lattice bars must be at least |" thick, and 
hence the backs of the angles are spaced |" apart. This makes 
the least radius of gyration 1.63 inches, and /A=97.S, the 
length from the center, where the laterals are riveted to a 
common connecting plate to the end connection, being about 
159 inches. If the entire stress be resisted by one lateral as 
a column, the required area is 1.63 square inches, while only 
0.89 square inch net section is needed for the same amount of 
tension. The section may then be adopted, although there is 
considerable excess of strength. If only two angles were laced 
together, they would have to be 4J" x 3" in size in order that 
the ratio l/r should not exceed 120, as specified for compres- 
sion members. When the ratio falls beyond this limit, or when 
only single angles are used, they can be regarded merely as 
tension members, and the lateral system becomes correspond- 
ingly less efficient. 

The net strength of the lateral when one rivet hole is 
deducted in each leg of the angles is 5.24 x I5 000=78 6cx) 
pounds, and hence the connections require 16 shop rivets or 20 
field rivets f " in diameter. 

The stresses in the upper lateral struts are so small that 
their section is not determined theoretically. The student 
should consult some standard plans for bridges governed by 
approximately similar conditions and adopt the composition 
shown. See Plate IV for an example of a lateral strut which 
also forms the upper chord of the sway bracing. 

Since the lower laterals are to be riveted to the lower flanges 
of the stringers, it is estimated that the greatest distance between 
the centers of connections is about 94 inches. In the first panel 
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the stress corresponding to the total shear is 80000 pounds. 
Let the laterals be so designed as to resist either this entire 
amount in tension or half of this amount in both tension and 
compression, under the specification for alternate stresses, the 
wind stresses being treated as live-load stresses, but without 
any impact allowance. Placing two angles 3^" x 3 J" x f" back 
to back, the required area for compression is 4.29, while that for 
tension is 2.67 square inches, making a total of 6.96 square 
inches. The gross area furnished is 7.96 square inches, which 
covers an allowance of more than 12 percent for the effect 
of eccentric connections. Deducting one rivet from each 
leg of the angles for |" rivets, the net section is 5.46 square 
inches, while a tension of 80000 pounds requires only 5.34 
square inches. 

In a similar manner the laterals in the second panel require 
two angles 3^" x 3 J" x 3^", while in the third and fourth panels 
two angles 3J" x 3" x |" may be used. 

The connections require 13 shop or 16 field rivets in the first 
panel, 9 shop or 12 field rivets in the second panel, and 8 shop 
or 10 field rivets in the third or fourth panels, in order to de- 
velop the full strength of the net sections of the laterals. 

The results of tests made by J. E. Greiner on the relative 
strength of single angles when connected by one or by both 
legs are recorded in Transactions. American Society of Civil 
Engineers, vol. 38, page 63, Dec, 1897, while those made by 
C. F. LowETH are given in Journal of the Association of Engi- 
neering Societies, vol. 8, page 268, May, 1889. 

In order to comply with the specification which aims to pre- 
vent horizontal bending in the floor beams, due to the thrust of 
braked trains, Waddell further specifies that the lateral diago- 
nals and the stringers are to be made to form complete horizon- 
tal trusses by running angles between the stringers at the level 



2/8 



DESIGN OP A PIN TRUSS BRID6S. 



Chap. LX. 



Lo^er Chord 




Lower Chord 
Vig. zas. 



of the bottom flanges. Such angles are represented diag^am- 
matically by the lines mtnl and nn! in Fig. 122. As the equiv- 
alent uniform live load for a panel length of 25 feet is 9850 

pounds per linear foot per 
track, the total thrust of 
the braked train per panel 
is 9850x25x0.20=49250 
pounds, the coefficient of 
friction being 20 percent 
(Art. 83). Dividing this 
between the two stringers, 
and assuming that the en- 
tire stress is taken by the truss dnticP^ the stress in nvl is 16 800 
pounds, and that in nd or in «V is 26 800 pounds. If the truss 
cmm'c^ is assumed to act in conjunction with the other, the 
stresses will be divided accordingly. The smallest laterals 
have sufficient strength to take the stress of 26 800 pounds, 
either in tension or compression. A single angle, 3^^" x 3^" x f ", 
having a gross sectional area of 2.48 square inches, and a net 
area of 2.10 square inches, is found to have an excess of strength 
to provide for the eccentricity of its connections, even if it be 
subject to the entire stress of 16 800 pounds. The stress of 
26 800 pounds requires 5 shop rivets or 6 field rivets, while that 
of 16800 pounds requires 3 shop rivets or 4 field rivets. A 
detail of this kind and the connection of a lateral to one of the 
stringers may be seen on Plate VI. 



Art. 95. Portal and Sway Bracing. 

Specification. — All through spans shall have stiff portal bracing at each 
end, connected rigidly to the end posts. The bracing shall be made as deep 
as the specified clear head room will allow. When the height of the trusses 
is great enough to permit it, there shall be used at each panel point a rigid 
bracing frame riveted to the top lateral strut, and to the posts, and carried 
down to the clearance line. When the truss depth is not great enough for 
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this detail, comer brackets of proper size, strength, and rigidity are to be 
riveted between the posts and the upper lateral struts. 

Fig. 123 gives a sketch of the general arrangement of the 
portal bracing to be designed, and the principal dimensions 
required to compute the bending moments to be resisted by the 
flanges of the lattice girder. The upper flange of the bracing 




Pig. 133. 

extends beyond the upper chords of the truss. The given 
forces are those obtained in designing the end post, and the 
reactions at the bottom of the figure are applied at the points 
of inflection of the end posts. 

Let the shear be divided equally between the two diagonals 
cut by any section parallel to the end posts, and let the diagonals 
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be designed according to the specification for alternate stresses, 
the wind stresses being treated as live-load stresses for the 
same reasons as those given in the preceding article. The 
stress in each angle is then 7 360 x 1.2875 = ± 9480 pounds. 
Assuming one angle 3j"x3"xf", and the distance between 
centers of connections as about 38 inches, the ratio //ris 61.3, 
and the sectional area for compression is found to be 0.81 
square inch, while that for tension is 0.63 square inch, making 
the total less than that furnished by the angle, which is 2.30 
square inches. It is not advisable, however, to reduce the size 
of the angle. The number of ^" rivets required in the con- 
nection of each web angle to the flange is 2 x 9480/6610= 3. 

According to the specifications the upper or compression 
flange of a plate girder is to be supported laterally at intervals 
not exceeding twelve times its width. The flanges of the 
portal bracing differ from those of a simple girder in having 
their stresses increase from the middle toward the ends, while 
those in the girder flanges increase from the ends toward the 
middle. The ratio of the laterally unsupported length of a 
flange of the portal bracing to its width may accordingly be 
taken considerably larger than twelve, say eighteen or twenty. 
This condition requires angles 5 inches wide. Assuming two 
flange angles s" x 3^" x f", and neglecting the web plate on 
account of the splice at the section through the end of the 
bracket, the effective depth is found to be 76. i inches. 

With the forces shown in Fig. 123, the bending moments 
in a section against the inner web plate of the left-hand end 
post are — i 441 000 and — i 155 000 pound-inches, the centers 
of moments being inr the neutral axes of the upper and lower 
flange angles respectively. When the forces are reversed ia 
direction, the upper forces exchanging sides, the corresponding 
bending moments are -f i 283 000. and 4- 1 568 000 pound-inches. 
The area required to resist the alternate compression and ten- 
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sion in the lower flange is 1.264- 1.12 = 2.38 and in the upper 
flange 1.37+1.01 = 2.38 square inches. The flanges must also 
resist a compression of 3800 pounds (Art. Sy). The gross area 
of the assumed angles is 6.10, and the net area 4.60 square 
inches, one rivet hole being deducted from each leg of the 
angles. The angles, therefore, have more sectional area than 
necessary, but cannot be reduced in size without violating the 
specifications. 

The statement made in the preceding article with reference 
to the design of the lateral struts applies to the entire inter- 
mediate sway bracing, of which the strut forms a part. The 
student should consult standard plans and make a comparative 
study of the details of the sway bracing. (See Plates IV and 
VII, and Art. 82.) 

Art. 96. Pin Plates. 

Specification. — Rivets shall not be countersunk in plates less than seven- 
sixteenths of an inch in thickness. 

Pin plates shall be used at all pin holes in built members for the double 
purpose of reinforcing for the metal cut away and reducing the unit pressure 
on pin and bearing to or below the specified limit. They shall be of such 
size as to distribute properly, through the rivets, the pressure carried by such 
plates to both flanges and web of each segment of the member ; and they 
shall extend at least six inches within the tie plates of said member, so as to 
provide for not less than two transverse rows of rivets there. 

It is always better, whenever practicable, to avoid aitling away the ends of 
channels, but if they must be trimmed, the ends must be reen forced so th^t 
the strength of the member shall not be reduced by the trimming. 

In riveted tension members, the net section through any pin hole shall have 
an area 40 percent in excess of the net sectional area of the body of the 
member. The net section outside of the pin hole along the center line of 
stress shall be at least 70 percent of the net section through the pin hole. 

In designing the pin plates of the various members of the 
truss, it is necessary to observe not only the specification printed 
at the head of this article, but also the general one in Art. 83, 
which requires that in all main members having an excess of 
section above that called for by the greatest combination of 
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stresses, the entire detailing is to be done for the utmost working 
capacity of the member, and not merely for the greatest total 
stress to which it may be subjected. 

The maximum pin bearing at the bottom of the post Cc equals 
the maximum vertical shear in the diagonal Be, and according 
to the rule just quoted, the value to be used in designing the 
pin plates -of the post is the vertical component of the full 
working strength of Be, which is 30 x 15 000/1.2847= 350 300 




pounds, the sectional area of Be being 30 square inches, and 
1.2847 the secant of the angle which it makes with the vertical 
As the diameter of the pin is 6 inches (Art. 91), the bearing 
required on each side of the post is 350 300/(2 x 6 x 22 000) 
= 1.327 inches. The thickness of the channel web is 0.524 inch, 
and hence two pin plates are required whose thicknesses are 
respectively -^ and | of an inch. The outer pin plate cannot 
be less than -^^ inch, according to the specifications, since its 
rivets must be countersunk. If both plates be extended the 
same distance above the pin, the number of rivets required 
to connect them will be determined entirely by their bearing 
value in the channel web, or 0.875x0.524x22000=10090 
pounds for each rivet. The distribution of stresses between 
the pin plates and channel is in direct proportion to their 
respective bearings on the pin, and hence the stress taken 
by both pin plates is 0.813 x 175 100/1.327= 106500 pounds. 
Their full bearing value, however, is 0.813 x6 x 22 000= 107 300 
pounds, and therefore this stress is to be used according to 
the specifications. The number of rivets required is then 
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107300/10090=11. Fig. 125 shows the arrangement of the 

rivets. The outer pin plate 

foot of the post so as to act 

as a washer between the 

channel and the eye-bar Be, 

and additional rivets are 

placed below the pin to keep 

the parts in contact. 

At the upper panel point 
the maximum bearing value 
on the pin is the full working 
strength of the post Cc, which 
is 23.52 X II 110= 261 300 
pounds. This stress requires 
a bearing on each side of the 
post of 1.131 inches. Since 
the rivets in the outer pin 
plate must be countersunk, its 
thickness cannot be less than 
-j^ inch, and if this thickness 
be adopted, the inner plate 
must be | inch thick, the siB3f\3t\i-< 
minimum allowed. The full *"'« "J '''" "« 

bearing value of both plates is 0.813x5^x22000=93900 
pounds, requiring 10 rivets to transmit their stress into the 
channel web. Asymmetrical arrangement requires 11 rivets, 
as indicated in Fig. 125. The sizes of the pin plates and 
their riveting for the post Dd are given in Fig. 126. 

Since the suspender Bb is a tension member, its net sectional 
area at the pin hole must be 40 percent in excess of the net 
area in its main body. The area for each side is therefore 
13.80x1.40/2 = 9,66 square inches. The simplest arrange- 
ment is to use one pin plate 14" x ^"g", giving a net area at the 
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pin of 10.24 square inches, but on computing the distance 
required beyond the pin hole it is found to be 6| inches, which 
exceeds the limit allowed by the upper chord. Using one pin 
plate 12" X "5^" on the outside, and another 9J" x |" on the 
inside, the net area obtained is 9.67 square inches. The net 
areas of the pin plates are 2.62 and 1.3 1 square inches, while 
their full tensile strengths are 39 300 and 19 650 pounds 
respectively. It is found that their bearing on the pin is below 
the specified limit. The value of a rivet in single shear is 
6610 pounds, and its bearing in the web of the channel is 
0.875x0.513x22000 = 9870 pounds. If the inner plate be 
shorter than the outer one, it requires 19650/6610=3 rivets. 
Their bearing value in the web is 9870x3 = 29610 pounds, 
leaving a balance of 19 650 + 39 300 — 29 610 = 29 340 pounds 

to be taken by the additional rivets in the longer 
plate, and this requires 29340/6610=5 rivets. 
If both plates have the same length, the num- 
ber of rivets needed is 58 950/9870 = 5 rivets. 
To reduce the effect of eccentricity, both plates 
are lengthened somewhat beyond the limits indi- 
cated by the preceding computations. (See Fig. 
127.) It must be remembered that in designing 
this member an allowance was made for two rivet 
holes in the flange and two in the web of each 
channel, and hence only two rivets are placed in 
any section below the top of the tie plates which 
are shown on the sides of the member. The distance beyond 
the pin is 9.67 x 0.70/1.326= 5J inches, according to the 
specifications. 

The net area at the pin holes in the diagonal Cd must not be 
less than 21.16 x 1.40 = 29.62 square inches, or 14.81 square 
inches for each side of the member. By turning outward the 
flanges of the channels the cutting needed to avoid interference 
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with other members of the truss is reduced to a minimum. At 
the lower end the flanges must be cut down flush next to the 
eye-bars, and hence two pin plates, each J inch thick, are 
required on each side. The net areas of the channel and of 
the inner and outer pin plates are 7.34, 4.50, and 3.00 square 
inches respectively, making a total of 14.84 square inches. 
Since the bearing of the rivets in the web of the channel, whose 
thickness is 0.72 inch, is greater than the double shear, the 
number of rivets in each pin plate is governed by single shear. 
The inner plate . requires 4.50x15000/6610=11 rivets, and 
the outer one 3.00 x 15 000/6610= 7 rivets. But the full bear- 
ing value of the inner pin plate is only 66 000 pounds, which 
being less than its full tensile strength will slightly modify the 
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distribution of stress beyond the pin. As several rivets are 
placed there to keep the plates in contact, they will have ample 
strength to transfer the stress. Since this member is also sub- 
ject to compression, both pin plates will be made the same 
length in order to give additional stiffness to its forked ends. 
On account of this extension in length the number of rivet lines 
is reduced from four to three, and this requires a net area at 
the pin of 15.82 square inches, and a change in the thickness 
of the pin plates to -^^ inch in order to conform to the specifica- 
tion quoted from Art. 83. The required number of rivets is 
increased by one for each plate. The distance beyond the pin 
is 14.84 X 0.70/1.97= 5 1 inches. (See Fig. 129.) 

At the upper end of G/ the flanges of the channels need only 
to be cut down to 2J inches, thus leaving a clearance of \ inch 
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between them and the upper chord with plates. The required 
sizes of the pin plates are marked on Fig. 128. The net areas 
of the channel, and of the inner and outer pin plates, are 
respectively 9.37, 4.27, and 2.53 square inches, making a total 
of 16.17 square inches. The stresses taken by the pin plates 
are 64 100 and 38 000 pounds, while the required numbers of 
rivets are 10 and 6 respectively. The plates are extended 
farther so as to pass the tie plates. 

As shown in Fig. 130, the angles in the diagonal dE have to 
be cut off entirely one foot from the pin center in order to avoid 
interference with the post channels of Dd, The entire stress 
must, therefore, be carried to the pin by the pin plates. The 
full strength of dE is 17.88 x 9210= 164 700 pounds, since the 
area was determined by the compressive stress. The linear 
bearing on the pin for each side of the member cannot be less 
than 164 700/(2 X 6 X 22 000)= \ inch. The full compressive 
strength of the member does not determine the net area required 

at the pin hole. If it be 
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1 5 000 = I o. 1 7 square mches. 
The corresponding area at the pin' is, therefore, 7.12 square 
inches for each side, and if the pin plates be taken 14 inches 
wide, the total thickness must be 0.89, or say i inch, to allow 
something for excess of section in the member. Let two plates 
be used, each one-half an inch thick. The shorter one requires 
41 200/6610=7 rivets, and both of them need 82 400/6610= 13 
rivets. The pin plates are to extend 7.12 x 0.70/1 = 5 inches 
beyond the pin. Let the same arrangement be used also at 
E, The pin plates are slotted and attached to the inner sides 
of the angles so as to reduce the effect of eccentricity. 
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The net sectional area of the stiff lower chord member which 
will be made continuous from a to c (Fig. 124) is 13 square 
inches on each side of the member. The composition of this 
section at the pin and the full tensile strength of each plate or 
shape are as follows : 





Net Sbctign. 


Strbssbs. 


1 web plate, 18" x i" 

2 angles, 3I" x 3i" x J" 
I pin plate, 11" x i" 

I pin plate, 17" x J" 

Total 


5.00 sq. ins. 
5.50 
2.50 
5.62 

18.62 


75 000 lbs. 
82500 

37500 

84300 



In determining the net section at the pin, two rivet holes are 
also deducted. (See Fig. 131.) At the end of the pin plates 
the web takes a stress of 112 503 pounds, and the two angles 
82 500 pounds, three rivet holes being deducted from the web 
section and one from that of each angle. Since the web's share 
of the stress is just equal to that carried past the pin by the 
web as well as that of the narrower pin plate, the only stress 
that has to be transferred to the angles is that from the wider 
pin plate. The number of rivets connecting the latter to the 
angles must not be less than 84300/6610=13, while only 
6 rivets are needed 
to connect the nar- 
rower pin plate to 
the web . Although 
the angles extend 
past the pin, none 
of the rivets on the 
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right of the pin should be counted in the 13 required. In 
order to avoid reducing the net section of the member, the 
rivets in the tie plates are given the same pitch as those in 
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the vertical legs of the angles until the pin plates are passed 
On dividing the stress in proportion to the bearing on the pin, 
the ^" web and ^" pin plate take 60 cxx) pounds each, while the 
^" pin plate takes 75 000 pounds. This stress due to bearing 
in the ^" pin plate exceeds that which it can carry past the pin 
by 60 OCX) — 37 500= 22 500 pounds, and hence 3 rivets are 
required on the right of the pin to transfer this excess to the 
web and to the other pin plate. More than this number are 
inserted (Fig. 131). 

The pin bearing at panel point C in the upper chord is to be 
designed to take the horizontal component of the full tensile 
strength of the diagonal Cd, or 199 2CX) pounds. The linear 
bearing on each side is 199200/(2 x 5.25 x 22 000)= 0.863 inch, 

and hence a pin plate of the mini- 
mum allowable thickness is required. 
As the web plate is \l of an inch 
thick, the pin plate's share of the 
bearing is 99600 x 6/17 = 35 200 
pounds. Since the only change in 
the section of the upper chord at C is in the web plates, the 
stress in the pin plate must be transferred to the web plate, 
and therefore requires 35 200/6610 = 6 rivets. Most of these 
are to be placed on the right-hand side of the pin, but in so 
small a plate the appearance is improved by making both sides 
alike, as shown in Fig. 132. 

At the hip joint B (Fig. 124) the entire stress in the upper 
chord member BC and that in the end post aB are transferred 
to the pin, all the plates and shapes except the hinge or lap 
plates being faced parallel to the bisecting plane of the angle 
and about \ inch from it. The hinge plates of each member 
consist of two plates, located on the inside in one case and on 
the outside in the other, and extend past the pin. Their pur- 
pose is to prevent any accidental blow from displacing these 
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members, and to facilitate the erection of the truss. The com- 
bined pin plates on both members must be arranged with 
respect to each other so as to provide a clearance of at least 
J inch between them. The full strength of the chord BC is 
48.61 X 13 580=660 100 pounds, while that of the end post aB 
is 53.09 XII 740=623 300 pounds. The linear bearings required 
for each side on a 6-inch pin are respectively 2J and 2| inches. 




Fig. X33. 

Fig. 133 shows the thicknesses and the arrangement of the pin 
plates, and the bearing stresses which they take. It is to be 
remembered that the distance back to back of the angles, or out 
to out of the web plates, is the same in both members. Beyond 
the pin plates the stresses in the plates and angles composing 
the chord BC must be directly proportional to their gross areas. 
Considering only one side of the member, the division of stresses 
is as follows : 





Gross Areas. 


Stresses. 
1 


\ cover plate 


5.685 




I upper angle 


2.87 8.555 sq. ins. 


116 200 lbs. 


I web plate 


7.88 


107000 


I lower angle 


2.87 




I flat 


5.00 7.87 


106900 




24.305 sq. ins. 


330 100 lbs. 
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Since nearly all the stresses in the pin plates must be trans- 
ferred to the angles, the ideal arrangement of pin plates would 
be to have the same thicknesses on the outside of the vertical legs 
of the angles as (in symmetrical order) on the inside of the web 
plates, the plates outside of the angle being either of equal 
thickness or of regularly decreasing thickness. The plate next 
to the angle should be the longest and the outside one the 
shortest, those on the inside of the web being of the same suc- 
cessive lengths to make the entire arrangement symmetrical 
Such a plan can be carried out completely in connection with 
the middle web of a chord having three webs, but with the out- 
side webs it can only be approximated. 
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Fig. 134. 

In this case the lengths are preferably made to alternate on 
the opposite sides of the web or angle, the filler plate being 
made a trifle longer than the next one on the outside merely for 
the sake of appearance. The object of this method is to trans- 
fer the stresses from the pin plates to the tespective shapes 
composing the body of the chord by the most direct route and 
to put as many of the rivets in double shear as possible. Its 
application to the chord BC is illustrated in Fig. 1 34. 
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The web plate takes lo/cxx)— 57 750=49250 pounds more 
stress than it gets directly from the pin bearing, and as the 
^" plate, which also serves as a filler between the upper 
and lower angles, is not directly connected to the angles, it will 
be assumed that 49250 pounds of its stress is transmitted 
directly into the web plate, and that the balance of its stress, 
or 8500 pounds, is to be transferred to the angles indirectly 
through all the other plates, including the web, in proportion 
to their respective thicknesses. The division gives plates i, 2, 
and 3 (see Fig. 133) extra stresses of 2100, 2600, and 2100 
pounds respectively. The total stress in plate i is then 68 100 
pounds, and 1 1 rivets in single shear are required to transfer its 
stress to the upper and lower angles. Let the length of the 
plate be extended to include 6 rivets in the shorter angle, since 
its stress is to be divided about equally between the upper and 
lower angles. (See Fig. 134.) These 12 rivets also pass through 
plate 2, and being thus in double shear, their bearing in the 
angle will determine the stress which they can take out of 
both plates i and 2. This bearing value is 12 x8430=s loi 200 
pounds, while the combined stress in both plates equals 153 200 
pounds, leaving a balance of 52 000 pounds to be taken by 
additional rivets in single shear. The number required is 
52000/6610=8. Plate 2 is accordingly extended to engage 
4 rivets in each angle beyond the extremity of plate i. 

The combined strength of plates i, 2, and 3 is 221 300 pounds, 
while the bearing value of the 20 rivets which are in double 
shear is 168 600 pounds. The balance requires 52 700/6610 
= 8 rivets in single shear. Plate 3 is therefore extended 4 rivet 
spaces beyond plate 2. The number of rivets required to carry 
the stresses from the filler plate 4 to the web and to plate 2 is 
(49 25P + 1800 + 26oo)/66io = 9. Many more than this num- 
ber must be inserted to keep the plates in contact and to give 
the necessary stiffness in compression. It will be noticed that 
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3 rivets are placed between the angles in the last vertical row 
in each pin plate, while in the other rows alternate rivets are 
omitted, the resulting pitch being the maximum allowed. The 
rivet pitch in the angles is 3 inches, and this pitch is to be con- 
tinued far enough to satisfy the specification that at the ends of 
compression members the pitch shall not exceed four times the 
diameter of the rivets for a length equal to twice the width of 
the member. Beyond that limit the pitch is increased to a 
distance somewhat less than 6 inches, depending upon the 
lacing. 
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In the same manner the lengths of the pin plates on the end 
post and their riveting may be determined. Fig. 135 shows the 
result for the upper end of the end post. That for the lower 
end differs from this only in the effect of the additional vertical 
load transferred by the end floor beam (see Plate IV). In order 
to provide for the connection of the portal bracing, the middle 
row of rivets shown in Fig. 135 will be replaced by a double 
row of field rivets, the outer rows in the web plate being moved 
a little closer to the angles. 
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When a pin plate is shorter than its width, it is desirable to 
investigate it as a beanl with its reactions at the rivet lines of 
the angles, and the load at the pin. In the case of the hinge 
plate on the end post it was found that a solid plate 13.6 inches 
long at its center is required. If the plate did not extend be- 
yond the pin, its length would have to be increased. 

In the upper chord and end posts of Fig. in, Art. 82, the 
cover plate is 34 inches wide, and in order to avoid an excessive 
thickness of pin plates on the webs, short intermediate web 
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Fiff. 136. 

plates or diaphragms are inserted which also aid in a more 
direct distribution of stresses from the pin to the plates and 
shapes composing the member. 

The results of some pin-plate tests are published in a paper 
by T. H. Johnson read before the Engineering Society of West- 
ern Pennsylvania, and reprinted from its Transactions in Engi- 
neering Record, vol. 28, page 39, June 17, 1893. 

Fig. 136 shows an actual example which illustrates a fre- 
quent practice of inserting in the pin plates a sufficient number 
of rivets to carry their respective stresses out of the plates, but 
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without any regard to where those stresses are to be transmitted 
The effect of this arrangement is to stress the web plates near 
the end of the member far beyond the safe value. It will be 
observed that only three rivets in the lower angles and four in 
the upper ones are in double shear, and that the wide J-inch 
outer pin plate should be considerably extended to engage 
additional rivets through the angles, while the inside plate 
should be made longer than any other one. 

Another typical example of an inefficient design, but which 
gives an appearance of adequate strength, is that in which the 
filler plate is extended about twice as far as any other pin plate, 
and contains as many rivets as can be crowded in with a 3-inch 
pitch in both longitudinal and transverse directions. 

AjiT. 97. Tie Plates and Lacing. 

Specification. — At the ends of compression members the pitch of rivets 
shall not exceed four diameters of the rivet, for a distance equal to twice the 
greatest width of the member. 

All segments of compression members connected by lacing only, shall have 
tie plates placed as near the ends as practicable. The tie plates shall have a 
length not less than the greatest width of the member, and a thickness not less 
than one-fortieth of the distance between the lines of connecting rivets, meas- 
ured at right angles to the length of the member. 

Single lattice bars shall have a thickness of not less than one-fortieth, and 
double bars connected by a rivet at the intersection of not less than one-six- 
tieth of the distance between the rivets connecting them to the members; and 
their width shall be : 

For 15" channels, or built sections with 1 ,. , ,„,, . ^^ 
1// n y f2} inches (}" nvets). 

3 J" or 4" angles J * ^' '' 

For 12" and 10" channels, or built 1 , . , .,,, . . 
.. „ , r 2} inches (}" nvets). 

sections with 3" angles J * ^* ^ 

For 9" and 8" channels, or built seo-l . , , „ . ^ 
.• ..« 1 f / 1 (2 mcnes It nvexsi* 

tions with 2 J" angles j ^* ' 

The distance between connections of lattice bars shall not exceed eight times 
the least width of the segments connected. 
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In order to determine how close to the end of any member 
the tie plate — also called stay or batten plates — may be placed, 
it is necessary to draw the limiting outlines in direction as well 
as position of all the members which meet at the same panel 
point. Some clearance must be allowed so as to facilitate erec- 
tion, and the riveting in the other leg of the angle or in the web 
of the channel, as the case may be, affects the location of the 
end rivet in the tie plate. The length of the tie plate must not 
only comply with the specification, but it is frequently made a 
little longer than the minimum limit so as to conform to the 
necessary spacing of the lattice bar connections. Where a tie 
plate is close to a web diaphragm of a member its length may be 
reduced. In tension members the tie plates are usually shorter 
than m compression members. 

In members built up so as to require rivets between those 
connecting the lattice bars to the member, the space between 
adjacent connections is preferably a multiple of the rivet pitch, 
the latter not being expressed closer than a full eighth of an 
inch. In double lacing the multiple may be that of any number 
whether odd or even, but in single lacing the number should be 
an even one. In single lacing that on opposite sides of the 
member is arranged so that if both are projected on a parallel 
plane the combined projections are symmetrical about the cen- 
tral axis. The bars generally make an angle with a plane 
perpendicular to the axis of the member, not to exceed 30 
degrees for single lacing nor 45 degrees for double lacing. 
Some specifications limit the distance between the connections 
to eight times the least width of the segments connected, or to 
the width of the channel plus nine inches. The spacing should 
also be such as to provide adequate openings for painting the 
interior surface of the member. In members of minor impor- 
tance or in tension members the angles may slightly exceed 
cfaese values. Waddell's specification mentions only single 
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lacing and prescribes lacing angles to be used when bars exceed- 
ing 2|" X J" would otherwise be required. 

The American Bridge Company's Standards for Structural 
Details contains a table giving the maximum distances between 
connecting rivets for different thicknesses of bars, in accord- 
ance with the specification at the beginning of this article, the 
standard form and length of the ends beyond the rivets, and 
the ordered as well as the finished lengths of the bars. Exam- 
ples of tie plates and lattice bars in both single and double lac- 
ing are shown in Figs. 1 1 1 and 134 and Plates IV, V, and VII. 

Sometimes where the tie plates of posts cannot be placed 
very close to its ends, as in the case where the flanges are turned 
outward and cut off to clear the upper chord, short middle web 
diaphragms are inserted which extend to within a few inches of 
the pin. This diaphragm may be composed either of a channel 
or of a plate and two angles. 

Art. 98. End Bearings. 

Specification. — Every span must be provided with some means of 
longitudinal expansion and contraction due to changes of temperature over 
a range of one hundred and fifty degrees Fahrenheit. Every span must be 
anchored at each end to the pier or abutment in such a manner as to prevent 
the slightest lateral motion, but so as not to interfere with the longitudinal 
motion of the trusses due to changes of temperature or loading. 

The greatest allowable pressure upon expansion rollers of fixed spans, 
when impact is considered, shall be determined by the equation p — 600 (L, 
where p is the allowable pressure in pounds per linear inch of roller, and 
d is the diameter of the roller in inches. The least allowable diameter for 
expansion rollers is four inches. The bearings shall be so designed as to 
permit a free movement of the rollers in the longitudinal direction of the 
span sufficient to take up the extreme variations in length due to temperature 
changes and deflections, and at the same time prevent any transverse motion 
of the end of the span. 

All shoe plates, bed plates, and roller plates are to be so stiffened that the 
extreme fiber stress under bending, when impact is included, shall not exceed 
16 000 pounds per square inch. Bed plates shall be so proportioned that the 
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pressure upon masonry (including impact) wiU not exceed 400 pounds per 
square inch. 

Pedestals shall be either of cast steel or built up of plates and shapes. 
In built pedestals, all bearing sur&ces of the base plates and vertical beaiing 
plates must be planed. The vertical plates must be secured to the base by 
angles having at least two rows of rivets in the vertical legs ; and the said 
vertical plates must bear properly from end to end upon tlie base. No base 
plate, vertical plate, or connecting angle shall be less in thickness than three- 
quarters of an inch. The vertical plates shall be of sufficient height and 
must contain enough metal and rivets to distribute properly the loads over 
the bearings or rollers. The bases of all cast-steel pedestals shall be planed, 
so as to bear properly on the masonry or rollers. All rollers and the faces of 
base plates in contact therewith are to be planed smooth, so as to furnish 
perfect contact between rollers and plates throughout their entire length. 
All pedestals, whether built or cast, must have one or more diaphragms 
between webs, carried up as high as the general detailing will permit, so as 
to transmit any transverse horizontal thrust to the base without overstraining 
the webs by bending in their weakest direction. 

The details of expansion bearing are described and illustrated 
in Arts. 44 and 81, while the design of such bearings was fully 
outlined in Art. 64 with reference to their use in plate girders. 
As the same principles apply equally to the design of the end 
bearings of trusses, the external forces, although larger, acting 
in the same manner, it seems unnecessary to extend the treat- 
ment of this subject. To explain and illustrate the design of 
all the details of the bearing of the truss under consideration 
in this chapter would also require more space than can well be 
spared for the purpose. 

Attention should be called, however, to experimental investi- 
gations of the stresses in friction rollers. The papers named 
below give additional references to theoretical investigations 
and experiments. A Review of Professor Grashof's Investi- 
gation of the Carrying Capacity of Rollers and Balls, by Carl 
G. Barth, may be found in Proceedings of Engineers' Club of 
Philadelphia for 1893, vol. 10, page 259. A valuable paper by 
C. L. Crandall and A. Marston, entitled Friction Rollers, is 
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published in Transactions of the American Society of Civil 
Engineers, vol. 32, page 99, Aug., 1894, with additional discus- 
sion on page 270. It contains the results of extended experi- 
ments on rollers of cast iron, wrought iron, and steel, and of 
the study of glass rollers under pressure by means of polarized 
light. A number of specifications have since been revised in 
conformity with the conclusion reached in this paper that the 
safe pressure varies directly as the diameter of the rollers, 
instead of as the square of the diameter, as implied in most 
of the specifications then in use. See also, Merriman's Me- 
chanics of Materials, Art. 156. 

The design of segmental rollers is discussed in the references 
given in Art. 81. See also a note on this topic by F. P. 
McKibben, in Eng. News, vol. 36, pages 401 and 433, Dec. 17 
and 31, 1896. The design of anchor bolts and cast pedestals 
is considered in an article by L. K. Sherman in Eng. News, 
vol. 55, page 137, Feb. i, 1906. 

Art. 99. Minor Details. 

Specification. — All plates, angles, and channels used in built members 
of trusses, must, if practicable, be ordered the full length of the member; 
otherwise the splices must develop the full strength of the member without 
any reliance being placed on the abutting ends for carrying compression. 
But in total splices at the ends of sections, perfect abutting of the dressed ends 
is to be relied upon. However, the splice plates even there must be of ample 
size and strength for both rigidity and continuity. 

As shown in Fig. in, and on Plates III and V, the upper 
chord is spliced a short distance to the left of a panel point in 
the left half of the truss. As the erection of the trusses begins 
usually with the middle panel, the chord is not spliced within 
the limits of that panel. In small trusses a splice is generally 
located in every panel except the middle one, but in large** 
trusses where the upper chord is horizontal it is often built in 
parts which are continuous over two panels. Such an arrange- 
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ment is shown on Plate IV, the web plates being spliced in the 
shop when the plates in the adjacent panels differ in thickness. 
The angles and cover plate are continuous, as their section is 
the same in both panels. 

A splice plate is placed on both sides of each web, the outer 
one extending between the vertical legs of the upper and lower 
angles. Another plate is put on top of the cover plate, while 
the tie plate acts also as a splice plate below. All of these 
plates should be wide enough (longitudinally with respect to 
the chord) to permit two rows of rivets on each side of the 
joint. When the chord is large the size is increased, as shown 
on Plate V. In this case there are four webs, but as only the 
two outer ones can be spliced, one plate is placed on the inside 
and two on the outside of each of these two webs. 

For the truss whose design is under consideration the splice 
plates on the side will be made 12 inches long, the joint being 
placed midway between consecutive rivets of 3-inch pitch in the 
vertical legs of the angles. The plate on the cover must there- 
fore be IS inches wide in order to have two rows of rivets on 
each side of the joint. The tie plate will have its ordinary 
length as stated in Art. 97. The elevation of one end of a 
chord member next to the splice was introduced for the sake of 
illustration in Fig. 132, Art. 96. The field rivets in the top and 
bottom beyond the first two in each line are for the plates con- 
necting the laterals to the chord. As the chord is preferably 
built continuous from /? to a point near D (Fig. 124), the web 
only being spliced in the shop, the chord joint shown in Fig. 
132 really belongs to Z>, whose pin plates are made the same as 
those designed for C. Since the web plates are ^" thick in BC 
and ^" in CD^ a filler ^" thick is required on one side of the 
web joint near C on the inside of each of the thinner web 
plates. 
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When the upper chord of a truss changes its direction in any 
two adjacent panels, the splice must necessarily be located 
directly at the pin, and the pin plates should then be designed 
to transmit the entire stress through the pin in the same manner 
as for the hip joint, no direct contact being allowed between the 
adjacent chord members. An important reference to this topic 
may be found in Proceedings of the Engineers* Club of Phila- 
delphia, vol. 14, pages 155 and 164. 

If possible, the stiflf lower chord ac should have its sides par- 
allel so as to simplify the construction by making all the lattice 
bars of equal length. It is found that the outside of its web plate 
is only three-sixteenths of an inch farther from the central plane 
of the truss than that of the end post. This distance must be 
increased three-quarters of an inch in order to permit the former 
web plate to pass the |-inch pin plate outside of the angles of 
the end post At this end of the end post the outside pin plates 
will be made the hinge plates, so that the hinge plates of the 
pedestals will be on the inside. An inspection of the bending 
moment diagram of the pin at c shows that this change .will 
slightly reduce the bending moment in the pin, provided the 
washer to fill the extra space on each side of the central plane 
is placed directly inside of the web plate, thus leaving unchanged 
the distances of all the eye-bars from the center except those of 
the two outer bars in the panel cd. Any other position of the 
washers would materially increase the bending moment and 
consequently change its diameter. 

The diaphragm web between the channels of each interme- 
diate post opposite the floor beam is designed to carry half of 
the floor beam reaction to the outer channel. The smallest 
angles allowed for |-inch rivets, namely, 3|" x 3^^" x |" angles, 
and four in number, together with a web plate 9" x |", will fur- 
nish more than sufficient strength for this purpose. The length 
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of the diaphragm equals the total height of the angles connect- 
ing the floor beam to the post. 

One of the diagonals of the middle panels must be cut so as 
to pass the other one, the two pacts being connected by a plate 
on each side, the two plates having the necessary net section 
and number of rivets in single shear to transmit the full strength 
of the member. A short tie plate is inserted on each side of 
the splice. In a similar manner splices are to be designed for 
one of the upper laterals in each panel. The splice in the lower 
laterals consists of a single plate in each case. The computa- 
tions required for these three sets of details are so simple that 
they will not be given. 

Art. 100. Camber. 

Specification. — All trusses must be provided with such a camber that with 
the heaviest live load on the span, the total camber shall never be quite taken 
out by deflection. With parallel chords sufficient camber will be obtained by 
making the panel of the top chord longer than those of the bottom chord by 
one-eighth of an inch for each ten feet of length. The increased length of the 
top chord shall be neglected in figuring the lengths of main ties, but shall be 
considered when figuring the lengths of inclined end posts and counter-braces. 
Half the increase in length shall be considered in figuring the length of top 
laterals. One-half of the camber after a span is swung is to be taken out of 
the track by notching the ties, unless this would cut too deeply into the timber. 

The application of this specification to the truss under con- 
sideration makes the actual or shop lengths- of the upper chord 
panels f^ inch longer than the nominal length of 25 feet. The 
length of the main diagonal, without allowance for the clearance 
of the pins in the pin holes, is 39 feet iOtj^j inches. The length 
of the end post and counter-braces is ^^^ inch longer without a 
similar allowance. To the several lengths just given 3*2 ^"^^ 
is to be added for pin clearance in the case of compression 
members, while it is to be subtracted in the case of tension 
members. 



302 DESIGN OF A PIN TRUSS BRIDGE. ChAP. IX. 

A more precise method of providing for camber, and which 
must be applied to larger spans according to the above specifi- 
cation, consists in making the shop length of each tension 
member shorter than its nominal length by an amount equal 
to the elongation caused by its stress under the dead and full 
load when increased by a small percentage. The length of a 
compression member is correspondingly increased. The same 
allowance for the pin clearance is to be made as that noted in 
the preceding paragraph. When the elongation or shortening is 
computed for the dead and full live load stresses only, the cam- 
ber is entirely taken out under the full live load. The lengths 
of secondary members, like the short diagonals in a Baltimore 
truss, are sometimes made the mean of the nominal length and 
that obtained in the manner just described. 

The deflections at the various panel points are most con- 
veniently found by the graphic method explained in Chap. VII, 
Part II. The results may be checked either by a separate dia- 
gram or by computing the deflection at the middle panel point 
of the loaded chord, by the method given in Chap. VII, Part I. 

In an article entitled Camber of Bridges, in Railroad Gazette, 
vol 22, page 66s, Sept. 26, 1890, Theodore Cooper states the 
object of camber and describes its relation to the track surface. 
See also Camber in Bridge Trusses, by G. H. Pegram, in 
Engineering News, vol. 18, page 21, July 9, 1887. 

Special attention was given in the design of the Delaware 
river bridge to its deflection and camber. The lengths of the 
members were so arranged that the center of the bottom chord 
should be about as far below its normal position under a full 
load on both tracks as when the span is unloaded, it being 
assumed that the greatest live load on the bridge would very 
rarely exceed that of a full load on one track. A description of 
the methods employed to secure this result, to avoid excessive 
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tension in the stringer connections due to the elongation of the 
lower chord, and to reduce the effect of secondary stresses due 
to the subdivision of the panels by the secondary web system, is 
given by Paul L. Wolfel, in Proceedings of the Engineers* 
Club of Philadelphia, vol. 14(1897), page 156. 

Art. ioi. Analysis of Weight. 

Specification. — If in any bridge design the dead load assumed shall differ 
from that computed from the diagram of sections and the detail drawings by 
an amount exceeding one percent of the sum of the equivalent live load and 
actual dead load, the calculations of stresses, etc., are to be made over with a 
new assumed dead load. 

After computing the weight of every member the results for 
one truss, exclusive of the pedestals, may be classified as follows : 



Truss Mbmbbrs. 


Pounds. 


Onb-halp Lateral and 
Transverse Bracing. 


Pounds. 


Intermediate posts 
Suspenders ' 
Diagonals 
Lower chord 
Upper chord 
End posts 
Pins 


1 1 632 
5406 
26 162 
29924 
28682 
18 134 
2632 

122 572 


Upper laterals and 

connections 
Lateral stmts and 

sway bracing 
Portal bracing 
Lower laterals and 

connections 


5922 

2686 
3604 

7410 
19622 



If the pins be included with the chords, the weight of the 
web members is found to be 61 334 pounds, and that of the 
chords to be 61 238 pounds, thus indicating that the depth 
chosen is the one which makes the weight of the truss a 
minimum. 

The total weight of these members is made up of the follow- 
ing items ; 
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Pounds. 


Percbkt. 


Main shapes and plates composing members 

Pin plates 

Tie plates and lacing 

Connections, splices, and other details 

Rivet heads 


109768 

7608 

10676 

10460 

3682 

142 194 


77.2 

5-3 

7-5 
7.4 
2.6 


lOO.O 



In the first edition of Part III a corresponding analysis was 
given for a single-track Pratt truss bridge with a span of 
142 feet, and designed for a load but little more than half that 
specified in Art. 83. The corresponding percentages were 76.7, 
5-3» 7-i> 6.1, and 4.8. This shows that the relative combined 
weight of the details is only slightly aflfected by considerable 
changes in the loading and specifications. 

Since the net weights of the shapes and plates composing 
some of the members cannot be computed with precision until 
many of the details are designed, it is desirable to compare 
the total weights of the several classes of members with their 
theoretic weights obtained by means of the adopted gross 
sectional areas and their lengths, center to center of pins, no 
deduction being made for pin holes. Such a comparison is 
made in the following table: 



Truss Members. 


Final 
Weights. 


Theoretic 
Weights. 


Ratio. 


Intermediate posts and suspender 
Diagonals and stiff chord ac 
Upper chord and end posts 
Eye-bars 


17038 
33028 
46816 
23058 

1 19 940 


II 776 
23352 

37 334 
20026 


1.447 
1. 414 

1.254 

1. 151 

1.297 


92488 



These ratios vary somewhat for various types of pin trusses 
and for different spans, but the difference is comparatively 
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small. For instance, in one of the fixed spans of the Delaware 
river bridge, whose length is 533 feet, the upper chord being 
curved and the panels subdivided (see Fig. 10), the ratios are 
as follows: Intermediate posts and long suspenders, 1.457; 
upper chord and end posts, 1.204; eye-bars, 1.137; sub- 
verticals, 1.975 ; intermediate horizontal stays or rails to sup- 
port the long posts, 1.839; ^^^ total, 1.228. These values 
are given by F. C. Kunz in the article to which reference is 
made in Art. 82. 

By means of such ratios the dead load assumed in com- 
puting the stresses may be corrected as soon as the sections 
of the members are designed, thereby avoiding any revision 
after the details are designed. No revision was made in this 
chapter in accordance with this method in order to furnish 
the data for an example to the student, who should make the 
revision and observe the consequent effect upon the sections 
of the members. 

The dead load for one span, exclusive of the pedestals, is 
divided as follows: 





Pounds. 


Pbrcbnt. 


Track 

Steel floor system 

Trusses and connecting bracing 


77000 
107240 
284390 

468 630 


16.4 
22.9 

60.7 

lOO.O 



The steel floor system is made up of two end floor beams, 
each weighing 3537 pounds, four brackets outside of the end 
floor beams and in line with the stringers, each weighing 
303 pounds, together with fourteen stringers and six inter- 
mediate floor beams whose weights are given in Arts. 85 
and 86. 
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The excess of the actual dead panel load per truss over 
that assumed is 33470 — 30000 = 3470 pounds. The sum of 
the equivalent Uve load and the actual dead load per panel 
is 79 100 + 33 470 = 112 570 pounds. The excess of the dead 
panel load is 3.08 percent of this sum, and hence a revision 
is required according to the specification printed at the head 
of this article. It will be found that only a part of the sections 
of members need to be increased on account of their excess of 
area over that previously required. 

Art. 102. General Drawing. 

Instead of reproducing the general drawing of the truss and 
its connecting bracing, whose design is given in this chapter, 
there is inserted in Art. 82 a similar drawing of a single-track 
through truss bridge of a span of 160 feet, it being a part of one 
of the standard plans of the Northern Pacific Railway prepared 
by Ralph Modjeski {see Plate IV). Four other sheets, not 
reproduced, belong to the complete set. 

The dead load is assumed to be 2550 pounds per linear foot 
of bridge, one-third of it being concentrated at the upper panel 
points. The live load consists of two i88.s-ton locomotives with 
a combined length of 114 feet, followed by a uniform load of 
5000 pounds per linear foot of track. The top lateral bracing 
is designed for a wind load of 200 pounds per linear foot, and 
the bottom lateral bracing for a static load of 250 pounds and a 
moving load of 300 pounds per linear foot. 

The impact specified is practically 100 percent since the unit- 
stress for the live load is one-half that for the dead load. It is 
noted, however, that the dead load unit-stress is higher than that 
the specifications of the American Railway Engineering As- 
:iation. For web members in compression and for all tension 
;mbers except hangers, the live load, however, is increased by 
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an excess load percentage which equals the ratio of the unloaded 
length to the span. For hangers and members subject to sud- 
den loading, as well as for compression members receiving direct 
stress, the live load is increased by an unbalanced load percent- 
age which equals J( lOO — /) in which / is the span in feet. The 
same addition is made for the flanges and webs of floor beams 
and stringers. In members subject to reversal of stress the 
rivets are proportioned for the sum of both kinds of stress, while 
the pin bearings are increased from 60 to lOO percent over what 
is required for the maximum stress. 

The least transverse dimension of the upper chord and end 
post is not to be less than one-sixteenth of their respective in- 
supported lengths, and that portion of the top cover plate which 
is unbalanced by the bottom flanges is not to be included in 
determining the sections of these members. 

The stringer (not shown on Plate IV except in section) has a 
web plate 42J" x J" without any intermediate stififeners, and 
flanges composed of two angles 6" x 6" x |". The connec- 
tions at each end consist of two angles 6" x 6" x ^g^" and two 
fillers 9" X I". The laterals are composed of single angles 
3j" X 3^" X f", arranged like the web members of a Warren 
truss, in a continuous series from end to end of the span, there 
being three panels of the lateral bracing in each panel of the 
bridge. The bracket in each line of stringers outside of the end 
floor beam projects 1 5 inches beyond the center of the floor beam. 

All the material in the span, except where otherwise noted, 
is medium steel. All rivets and bolts are of soft steel, the 
former being ^ inch in diameter. The first dimension in the 
size of any angle which is marked on the drawing indicates 
the width of the leg shown. 

The student's attention is called to the following features which 
differ from those indicated in Figs. 113 to 135 inclusive: the 
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construction of the end of the intermediate floor beam and its 
clearance for the eye-bars ; the wide spacing of the stringers ; 
the addition of a collision strut which in turn necessitates a pin 
connection at panel point Zj; the position of the eye-bars at Ui 
on the outside of the upper chord, thus reducing the width of 
the chord ; the absence of a cover plate in the upper chord ; 
the uniformity in size of all the pins except that at Zj; the 
composition and arrangement of the upper lateral diagonals. 
Some other items were referred to in Chap. VIII. 

The student should carefully study the details of other 
modern designs from the blue prints in the college collection, 
or by visits of inspection to actual bridges in the vicinity, and 
record in his note book the special features of the construction 
in each case. If this is done in some regular order, many points 
will be noticed that otherwise would be overlooked. The study 
of shop drawings on which each member is shown separately in 
the manner described in Art. 17 is especially important with 
reference to the location of rivets, their relation to center lines 
and to points of intersection of axes of connecting members, 
and their influence on the exact lengths of the projecting ends 
of members. They also show modifications in spacing to avoid 
interference, and what rivets are flattened or countersunk to 
secure the necessary clearance. These are sometimes not 
shown on general drawings. 

The remaining sheets included in the set of standard plans 
with Plate IV, which is designated as R-101076, consist of 
No. 1075, the stress sheet; No. 1077, which shows the details of 
the stringers and their lateral bracing, the stringer bracket, and 
the turned bolts required at the top of the stringer connection 
to the floor beams, as well as the general relations of the expan- 
sion end of the truss to the masonry, of a double fixed end, and 
of a combined expansion and fixed end ; No. 1078, which gives 
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the details of the fixed and expansion bearings; and No. 276, 
which shows standard hook, floor, and anchor bolts. 

Art. 103. Bridge Design References. 

In Art. 7 references are given to the principal literature on 
bridge design. The following articles which have appeared in 
the engineering periodicals will also repay careful reading. 

Bridge Design. By H. J. Lewis. Eng. News, v. 26, p. 367, 
Opt. 17, 1 89 1. Bridge Details. By E. Swensson. R. R. Gaz^, 
V. 24, p. 156, Feb. 26, 1892. 

Advance in the Design of Bridge Superstructure. By G. S. 
MoRisoN. Eng. News, v. 30, p. 80, July 27, 1893. 

Details of Construction of Engineering Structures. By C. C. 
Schneider. Eng. Rec, v. 32, pp. 256, 364, 382, Sept. 7, Oct. 
19, 26, 1895. 

Some Hints on Bridge Designing. By Oscar Sanne. Jour. 
W. Soc. Engrs., v. 4, p. 229, Apr. 1899. 

Excessive Refinement in Bridge Design. Editorial. Eng. 
Rec, V. 44, p. 393, Oct. 26, 1901. 

Bridges for Electric Railways. By C. C. Schneider. Street 
Ry. Jour., v. 28, pp. 398 and 441, Sept. 15 and 22, 1906. 

Some Commercial Features of Structural Engineering. By 
Emil Gerber. Proc. Engrs. Soc. W. Pa., v. 23, p. 125, Apr., 
1907. 

Proportioning of Steel Railway Bridge Members. By H. S. 
Prichard. Proc. Engrs. Soc. W. Pa., v. 23, p. 324, July, 1907. 
Discussion on p. 573, Dec, 1907. 
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CHAPTER X. 

HIGHWAY BRIDGES.* 

Art. 104. Classes of Bridges. 

Highway bridges are classed according to the character and 
weight of the loads which they are required to carry, but this 
classification is for the greater part arbitrary. Three general 
classes are: (i) bridges for city traffic; (2) bridges for city and 
electric car traffic ; (3) bridges for country traffic. These are 
in turn divided into other classes according to the weight of the 
traffic which crosses them. 

Bridges for city traffic are, in addition to the weight of the 
people who may crowd upon them, liable to have heavy loads 
pass over them, such as street rollers or trucks carrying heavy 
structural members or machinery, and all parts of the bridge 
and its floor must be designed accordingly. If electric cars 
pass over them, parts of the floor system, and likewise the 
trusses, must be of sufficient strength in order to sustain this 
traffic in addition to the other loads which may be upon the 
bridge at the same time. 

Country bridges must be able to carry the heaviest load of 
farm produce or the heaviest piece of farm machinery, in addi- 
tion to persons who may pass over them. It is customary to 
assume the people to act as a uniform load, and to take for the 
roller or truck a certain system of loads which will give stresses 
equal to any loading which may pass over the bridge. 

* By F. O. DuFOUR, C.E., Assistant Professor of Structural Engineering, Univer* 
sity of Illinois. 
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The uniform load which represents a crowd of people is in 
some states prescribed by law, otherwise it is determined by the 
engineer or taken from any of the so-called standard specifica- 
tions for highway bridges, of which those by Theodore Cooper 
and J. A. L. Waddell are among the best. The engineer 
should not allow himself to adhere too closely to these * standard ' 
specifications in respect to the loading. He should carefully 
consider the locality and be particular to ascertain the heaviest 
loads which pass over the bridges in the vicinity or are liable 
to do so in years to come. He should then choose a 'class' 
from those given in the specifications, or when necessary, in 
some cases, take such a loading as the case demands even 
though it differs from those which are given. 

Art. 105. Specifications. 

The engineer may write his own Specifications, if he is expe- 
rienced enough or has a bridge of exceptional importance. In 
the great majority of cases he will do well to adopt one of those 
written by experienced engineers and published in convenient 
pamphlet form. 

Some of these specifications specify an allowance for impact. 
According to experiments made on existing highway bridges it 
seems inadvisable, no matter how short the span, to use impact 
allowances unless the bridge has a plank floor. Reinforced 
concrete floors are of sufficient weight to prevent impact except 
in the case of light floors; and in such cases the sum of the 
static and impact unit-stresses does not approach the allowable 
unit-stresses which are used in the design. 

In general, most specifications are incorrect in their loading 
for the floor system of the class which represents country 
bridges. A load of from 6 to 12 tons is usually specified. This 
is supposed to represent the farm or traction engine used for 
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many purposes. In reality some farm engines weigh as much 
as 30 tons ; such are exceedingly rare, however, and the assump- 
tion of a is-ton engine is on the side of safety in most cases. 

The uniform load which represents a crowd of people is, in 
most specifications, less for the longer than the shorter spans. 
This is as it should be, since a short-span bridge is liable to be 
more densely crowded than one of long span. In such cases 
care should be taken to design a * legal ' bridge, that is, one 
which confirms to the state law. In some states the law requires 
the uniform load used in designing to be lOO pounds per square 
foot of floor surface, irrespective of the length of the span. 

Clauses requiring the first two panels of the lower chord in 
pin-connected trusses to be built-up members should be used 
only in case the bridge is to have a plank floor. If a concrete 
floor is to be used, this in itself will give the requisite stiffness 
to the structure. 

Art. 106. Floor Systems. 

Previous to 1900 few bridge floors were made of other mate- 
rial than wood. The country highway bridges had floors of 
plank which rested directly on the stringers, being fastened 
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Fig. 137. — Wooden Floor. 

down by nails to nailing pieces which ran longitudinally and 
were usually bolted only to the outer and center stringers, as 
shown in Fig. 137. These nailing pieces were generally 4 
inches wide and as deep as the joist. 

In some cases a felloe guard was used, one being on each 
side. The use of these felloe guards has been discontinued 
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because they served as a lodging place for dirt, while rain 
caused continued dampness between them and the floor, which 
soon rotted the floor plank at the ends and so caused them to 
become useless. A renewal then became necessary although 
the planks were perfectly good except at the ends. In some 
cases these felloe guards were raised one inch from the floor by 
means of washers at the places where they were bolted down. 
This was supposed to prevent rotting, but the dirt filled up the 
space and decay frequently took place sooner than in cases 
where the felloe guards were bolted down tight. The floor 
plank usually had a thickness in inches equal to the spacing of 
the joists in feet, and were laid so as to have one-half inch 
spaces between them. This space was supposed to allow for 
drainage and to permit a large portion of the dirt which was 
brought upon the bridge to fall through. 

In some cases a floor was laid as described above, and another 
one, called a wearing floor, was put on top of it. The plank was 
laid diagonally on one of the floors and perpendicular to the 
axis of the span on the other. 

Several firms manufacture a patented wooden floor. While 
these patented floors are superior to the usual plank floor 
(Fig. 137) and last considerably longer, it is doubtful whether 
their use is advisable. This question should be settled for each 
case. It is suggested that nothing is to be gained by their use 
in place of reinforced concrete until the span is of suflScient 
length so that the weight of concrete requires additional metal 
in the bridge, the cost of which capitalized will more than pay 
for the renewals of the patented floors at intervals. 

All wooden floors have a common disadvantage in being dif- 
ficult to attach to joists so that they will remain secure. They 
are liable to become loose under traffic, and to cause accidents 
to horses on account of catching their feet. 
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In case the bridge is in a city, the floor should be of the same 
construction as the paving of the adjacent street. Bridges with 
floors of brick, Belgian block, asphalt, or of various patented 
forms of construction have been built, and are giving satisfac- 
tory service. Fig. 138 shows a brick floor which is in use on a 
city bridge, and is giving good satisfaction. It is typical of the 
construction of the kinds of floors mentioned above. In all 
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Fig. 138. — Brick Floor. 



cases, a timber, reinforced-concrete, or iron covering is placed 
over the joists, and on top of that a cushion of sand. The 
wearing surface is placed on the sand cushion. 

Great care should be taken to allow for longitudinal and 
transverse expansion. Wide joints between the bricks will 
usually be enough to allow for transverse expansion. This is 
not, however, sufficient for longitudinal expansion. To allow 
for this, joints at every 25 feet of span and running completely 
across the bridge should be used. They should be at least one 
inch wide and filled with an asphalt or a pitch matrix. 

The majority of floors of country highway bridges are now 
built of concrete or reinforced concrete with an earth cushion on 
top. Plain concrete floors are as a rule uneconomical on 
account of the fact that their thickness must be great and the 
spacing of the joists small in order that the concrete may be 
safe in tension. Figure 139 shows two forms of concrete floors. 
The thickness of the first one is determined by considering it as 
a simple beam. The second floor is designed by considering it 
as a no-hinged arch. To keep the joists from spreading, tie 



1 
'i 



Art. io6. 



FLOOR SYSTEMS. 



315 



rods should be placed at the centers of the webs and spaced 
about 10 feet apart. Figure 140 shows the details of two meth- 
ods, that in Fig. 140a being the most economical. The use of 
plain concrete floors is not recommended. 
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Fjg. 139. — Plain Concrete Floors. 




Fig. 140. — Details of Joist Tie Rods. 



Floors of metal troughs and concrete are used to some extent ; 
in most cases, however, they serve as a base for a wearing sur- 
face of brick, cobblestone. 

D rain Hole ^ Earth Cu^jop 



or Belgian block. In these 
floors some type of the 
usual metal solid-floor sec- 
tions, buckle plates, or one 
of the many patented sec- 
tions are used in con- 
nection with longitudinal 
joists. The solid-floor sec- 
tions, shown in Fig. 141, 
are designed according to 
their moments of inertia. 
The details of part of a 
cross-section are shown in 
the Fig. 141a. A 3-inch 

crown, at least, should be given to the concrete, while sufficient 
provision for drainage is made. In case it is inadvisable to allow 
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the drippings from the drainage pipes to fall freely beneath 
the structure^ they may be led to desirable places by means of 
down spouts. At least one drainage hole on each side of the 
roadway should be used in every panel. 

Floors of buckle plates and plain concrete are shown in Fig. 
142. The use of this, as well as other types of solid-floor 

sections, is not recommended 
except in cases where the loads 
are so excessively heavy as to 
require reinforced concrete floors 
of great weight. Their cost is 
greater than that of reinforced 
concrete floors for ordinary 
traffic. 




Fig. 142. — Buckle Plate Floors. 



Many patented metal floor 
sections are on the market. The 
Buckeye trough and the Mul- 
tiplex, shown in Fig. 143, are examples of this class of floor 
section. Their use permits the most economical spacing of the 
joists for any given loading, since these floorings may be cut to 
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Fig. 143. — Patented Metal Floor Sections. 
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almost any desirable length. The trade catalogues of the 
companies manufacturing these sections give the spacing of 
joists for different loadings. 

Reinforced concrete floors for highway bridges have come 
into general use since 1905. The price of oak of the requisite 
quality for bridge floors has increased considerably since 1895 
and is still increasing. The cost of cement has decreased con- 
siderably in the same time. As matters stand in 191 1, the 
reinforced concrete floor is by far the most economical in the 
prairie states and in all others which are thickly populated. Of 
course, in some regions where timber is cheap and plentiful or 
the haulage for cement is long, timber may be the most eco- 
nomical even if frequent renewals are necessary. The cost of 
any one of the several reinforced concrete floors described in 
this article will not vary greatly in first cost from an oak floor 
3 inches thick. In twenty years the cost of a reinforced con- 
crete floor will double with compound interest at 3.} percent, 
while that of a plank floor will be five times the first cost on 
account of renewals and interest charges. A reinforced concrete 
floor, on account of its additional weight, will require additional 
material in the floor system and in the trusses. This will tend 
to decrease the favorable showing of the reinforced concrete 
floor just mentioned, but it has been computed by the author of 
this chapter that at the end of i S years it will be ahead of the 
plank floor, all conditions considered. 

The floor shown in Fig. 144 was designed by Ira O. Baker, 
Professor of Civil Engineering in the University of Illinois. 
For economy in joists their maximum spacing should be about 
3 feet. To determine the sizes of joists the bending moment 
caused by the roller is assumed to be resisted by four joists 
spaced 2 feet between centers. If the joists are spaced more 
than 2 feet, the moment is assumed to be taken by three joists. 
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This floor has been used on bridges in Illinois and adjoining 
states since about 1900 and has given universal satisfaction. 

State Engineer A. N. Johnson of Illinois uses the floor shown 
in Fig. 14s, which is designed for a 15-ton engine. Since this 
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Fig. 144. — Baker Floor and Loading. 

floor is reinforced in both directions, the assumption made to 
determine the size of the joists is that the bending moment 
caused by the engine is distributed over all the joists. The 
maximum spacing of the joists is about 3 feet. 
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Fig. 145. — Johnson Floor and Lpading. 



J. E. KiRKHAM, Bridge Engineer for the State Highway 
Commission of Iowa, uses the floor and loading illustrated in 
Fig. 146. The maximum spacing for joists is the same as in 
the other floors just mentioned, or 3 feet. Kirkham considers 
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the entire weight of the engine as a uniform load distributed 
over a space 12 feet long by 7 feet wide. As a matter of fact, 
experiments performed by the author with a wheel load of 6600 
pounds, the tread of the wheel being 10 inches, indicate that the 
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Fig. 146. — Kirkham Floor and Loading. 

joist developing the greatest stress supports 40 percent of the 
load in plank floors and 25 percent in reinforced concrete floors. 

If the panel length does not exceed 10 feet, the steel joists 
may be omitted and a reinforced concrete slab used instead. 
For a 16-foot clear roadway, this will require 18-inch, 50-pound 
I-beams for floor beams. Figure 147 shows a floor of this char- 
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Fig. 147. — Reinforced Concrete Floor. 



acter. It was also designed by Kirkham, has been used by 
him and the writer, and found to be very economical and satis- 
factory. It is adapted to the use of pony Warren trusses with 



320 HIGHWAY BRIDGES. ChAP. X. 

subverticals, thus keeping the panel length within the required 
limit. A 1 2-ton engine is used. In connection with this 
floor, stiff lateral bracing should be employed. Single angles, 
2j X 2^ X -f^ inches, will usually be sufficient. 

In some states of the West, as well as in other localities, 
there are many drainage ditches. These ditches require occa- 
sional dredging, and hence the bridges must be taken down to 
let the dredge pass through. In such cases the solid reinforced 
concrete floor is a disadvantage. To meet this difficulty a 
removable reinforced concrete floor is frequently used. Blocks, 
reinforced in both directions on top and bottom to prevent 

breakage from handling 
-"'Bars /O^if or Pouffry /ielf/ng as well as from the traffic, 

>^c^ ^f-.' ^ ■ V ;■ Jtfrfftfjtjn'^ are made of the required 
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Fig. 148. — Removable Reinforced Concrete Floor. These blocks rest di- 
rectly on top of the joists 
(see Fig. 148), while the earth cushion is placed directly upon 
them. Allowance must be made for a |-inch spacing between 
the blocks or otherwise they may not fit, on account of having 
spread the forms during construction. A looped rod is placed 
in the center of each section so that it can be handled easily. 
When the time comes to clean out the drainage ditch, these 
slabs are lifted off, the bridge is taken out, the dredge passes 
through, the bridge is then reerected and the slabs put back 
in place. 

In designing any of the reinforced concrete floors mentioned 
above, their dead load, including reinforcement and earth 
cushion, may be assumed as 125 pounds per square foot. This 
takes into account the fact that when the earth cushion becomes 
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saturated with water it is impossible to have heavy engines pass 
over it, since they would slip about too much to allow their suc- 
cessful operation. 

Art. 107. Beam Bridges. 

Beam bridges are constructed by placing beams side by side 
and spaced from two to three feet apart. Both ends of these 
beams rest on the abutments. The outer beams usually con- 
sist of channels while the rest are I-beams. The floor is either 
of plank laid crosswise on the beams or one of the floors 
described in Art. 106. If plank is used for flooring, a common 
rule is to make the thickness of the plank one inch for every 
foot or fraction thereof in the spacing of the joists. If a 
reinforced concrete floor be used, the economic spacing appears 
to be about 2 feet 8 inches. 

In order to give all the beams an even and equal bearing on 
the abutments, a channel is placed on top of the wall and under 
the beam ends. This is called a wall channel. Railings, illus- 
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Fig. 149. — Details of Bridge Railings. 
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trated in Fig. 149, are placed on each side and supported by posts 
at intervals. Bridges of i S-foot spans or less should have two 
supports, one at each end. Bridges of spans exceeding 15-foot 
lengths should have in addition to the end supports a sup- 
port at the one-third points or at the middle. Figure 1 50 gives 
the details of a beam bridge, while Fig. 1 5 1 shows the cross- 
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section. This is one of the American Bridge Company's 
standards somewhat modified by the writer, and may be taken 
as representing the best practice. 

Id case a post or support is put at the center of the span, 
allowance should be made for the holes taken out of the lower 



Fig, 150. — Side ElevatioD of a Beam Bridge. 



flanges of the I-beams by the rivets which connect the cross- 
strut, or the stmt should be connected to the I-beams by clips 
as in Fig. 151. A support in the center may be used without 
the strut underneath. In such cases the upright must be heavy 



Tig. 151. — Cross-Seciion of a Beam Bridge. 

and the beams connected at this point by gas-pipe separators at 
the neutral axis (see Fig. 152), The side channel, having a 
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large excess of area, will not be dangerously reduced in strength 
by having the necessary rivet holes taken from its section at 
the center where the rail support and laterals are connected 
to it. The dimensions 
given in Figs. 149 to 152 
are common for all spans. 



Fig. 15a. — Detail i 
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The sizes and weights 
of beam bridges for a 
1 6-foot roadway and for 
a 15-ton engine or 125 pounds per square foot of floor service 
are given in Table I. 

Table 1. Sizes and Weights of Beam Bridges. 
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The spans given in the table are center to center of bearings. 
The details of the bridges are as shown in Figs. 150 and 151, 
although any of the railings ot Fig. 149 may be used. If the 
railing used is the one shown in Fig. i SO, its weight may be 
taken as 20 pounds per linear foot of railing plus 45 pounds for 
each railing support. For example, if the bridge is 32 feet out 
to out and has railing supports in the center as well as at each 
end (see Fig. 150), the weight is 2 x 32 x 20 + 6 x 45= 1550 
pounds. 
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The weights of beam bridges of a 1 6-foot roadway with rein- 
forced concrete floor and 1 5 -ton engine capacity (exclusive of 
railings, railing supports, and lateral bracing) may be found by 

ze; =3 70 + 3.13 /— 0.082 /^, for spans under 17 feet, 

w = 130 + 0.102 /-f- 0.229/2, for spans of 17 feet or over, 

in which w is the weight of steel in pounds per linear foot of 
span, and / is the span, in feet, center to center of bearings. 
These formulas are of little use except in the determination of 
the approximate dead load for spans other than those given in 
Table I. It is sufficiently accurate to take the weights given 
for that span which is nearest to the one which is to be designed. 
On account of the limiting sizes of manufactured beams, the 
limit of beam bridge spans is about 35 feet. 

Art. 108. Pony Truss Bridges. 

When the span lies between 30 and 80 feet, pony or low truss 
bridges are used. A pony truss bridge may be defined as a 
bridge whose height is such that top lateral bracing cannot be 
used. In practice the height is seldom equal to 1 2 feet. 

Many short-span pony truss bridges have in the past been 
made with pin-connected Pratt trusses. Such bridges are lack- 
ing in lateral stability and are subjected to excessive vibration, 
giving rise to large impact stresses. Experiments made by the 
writer have shown impact stresses as great as 300 per cent of 
that caused by the static load. The bridges tested, and in fact 
any pin-connected pony truss bridges, are examples of bad 
practice, and should never be built. 

The riveted Pratt truss (Fig. 153) or the riveted Warren truss 
are good types for low truss bridges. In case it is desired to 
use a reinforced-concrete slab floor with the latter type of truss, 
or to make the upper chord panels longer, the panel length 
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may be reduced by the use of subverticals, as in Fig. 1 54. Some 
low truss bridges have trusses with bent chords. This is not to 
be advised, since at places where the chord changes direction a 
splice is almost a necessity, and a splice should never be made 
in the top chord unless it is as strong as the chord section at its 
strongest part, or unless the chord is braced at that part. 



The top chord should be braced at certain intervals along it.s 
length, preferably at every panel point. Unless this is done, 
great care should be taken in the design to see that it is safe 
about a vertical axis when considered as a column whose length 
is equal to the distance from hip to hip. In this one feature 
lies the great objection .. 




HH 



(a) 

Fig. 155. — Detail* of Vertica 



!b) 



to such bridges, since 

adequate attention is 

rarely paid to it. It is 

permissible to build 

low trusses without 

such braces as those 

described above, and at 

the same time to design 

the chord sections for a 

length of one panel, hut 

only provided the verticals at tlie panel points have such a 

great excess of strength about an axis parallel to the center 

line of the span and are so securely riveted to the ends 

of the floor beams that they act as braces to the top chord 

as well as vertical posts in the truss. In Fig. 15s are 

shown the details of two vertical posts, but {a) b far too 

weak to prevent any lateral deflection of the top chord. In 

{b) the pairs of angles are spread apart, and the post is of 

sufficient strength about the axis /-/ to act as a brace for the 

top chord. In addition to other advantages of a concrete floor, 
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it is seen that here it strengthens the post by having the side 
channel riveted to the post. It should be noticed that the chord 
is in itself greatly strengthened by the angles being spread, and 
this excess of strength about the vertical axis adds an addition^ 
element of safety to the truss. In case braces are desired, they 





Fig. 156. — Details of U 



may be made as illustrated in Fig. 156. The writer advises the 
use of the detail shown in Fig. is6(/. This not only has the 
spread angles vertical and a wide chord, but has the brace in 
addition. 

Railings of various types may be used. Their section and 
the method of attaching them to the posts is shown in Fig. 153. 
As a rule, these bridges are bolted to the bridge seat with 
anchor bolts | inch in diameter, set 12 inches in the masonry. 
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Slotted holes 2 inches long are cut in the bearing plates of the 
shoes at one ^nd in order to permit expansion due to change of 
temperature. 

The weights of the trusses and lateral systems, joists and 
floor beams, for a 16-foot roadway and icx) pounds per square 
foot of roadway for trusses and a 1 5-ton engine for the floor 
systems are given in Table II. If the joists are spaced ihore 
than two feet, the maximum bending moment which is caused 
by any single concentrated load on the floor is assumed to be 
taken by three joists. 



Table II. Data and Weights of Riveted Pony Truss Bridges. 





Plaiik Floor. 


RjEINffORCRO CONOLETE FLOOR. 


Spak. 
Feet. 

36 

40 
42 

50 
50 

60 
60 

70 
72 

75 


Height. 
Feet. 


Wt.ofTwo 
Trusses 

and Lateral 
Bracing. 
Pounds. 


Wt.of 

Stringers 

and Floor 

Beams. 

Pounds. 


Wtof 
Trusses 
per Linear 
Foot of 
Span. 
Pounds.' 


Height. 
Feet. 


Wt. of Two 
Trusses 

and Lateral 
Bracing. 
Pounds. 


Wt.of 

Stringers 

and Floor 

Beams. 

Pounds. 


Wtof 

Trusses 

per Linear 

Foot of 

Span. 

Pounds. 


6 

5-4 
6 

6 

6 ' 

1 
1 

7.4 ; 
8.5 

8.5 


4 100 

4960 
5090 

7 000 
9 600 

12350 

12 660 

13 010 


5448 

6761 
6956 

8750 

10 400 

11 960 

12 350 
12740 


114 

124 
121 

140 

174 

177 
176 

>74 


6.5 

7 

7 
7 

8 
10 

9 
9 


8890 

10 380 

13 250 
13830 

19 980 
18 800 

24275 

27590 


8 no 
8 400 

II 500 

11 040 

12 710 
12 300 

15425 
16380 


247 
259 

271 
271 

223 

347 
369 



The weights of the trusses of pony truss bridges with rein- 

« 

forced concrete floors, a 16-foot roadway, and a capacity of 100 
pounds per square foot of roadway or a 1 5-ton engine (railing 
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and lateral bracing included), may be determined by the formula: 

W = 225 + 0.36 / — O.OI /2 + 0.00041 fi 

in which w is the weight of steel in pounds per linear foot of 
span, and / is the span in feet center to center of bearings. In 
order to get the total weight of the bridge, w must be multiplied 
by the span of the bridge, and to this must be added the weights 
of the stringers and floor beams, and of the reinforced concrete 
floor and earth cushion. 



Art. 109. Plate Girder Bridges. 

Plate girder highway bridges have been used to a limited ex- 
tent. They weigh about the same as pony truss spans of equal 
length and are somewhat less expensive. They are good in 
appearance and, when used in the through form, are especially 
useful, since the sides act as a railing (see Fig. 157). The great 
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F'g. 157. •— Through Plate Girder Bridge. 

objection to these bridges is the lack of facilities for hauling them 
from the railroad station to the bridge site and for erecting them. 
In most cases of highway bridge building the material is hauled 
by local people, and the erection is done without other machinery 
than a hand winch, the members being light enough. The plate 
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girder is too heavy to handle in such a manner unless it is shipped 
in sections which are riveted together after being put in place 
on the falsework. This can easily be done, but the cost would 
be too great if done properly. If it is not done properly, the 
safety of the structure is too greatly impaired to allow its use. 
Plate girders for highway bridges are to be encouraged whenever 
facilities for their transportation and erection are available. 

Art. 1 10. High Truss Bridges. 

When the ^pan of a bridge becomes 80 feet or over, the trusses 
are made of such a height that the top chords may be connected 
by a lateral system. This is known as a high truss bridge. High 
trusses may be so arranged as to form a deck bridge, but such 
cases are rare in highway work. Theoretically, considering the 
sub- and superstructure only, the deck bridge is far more eco- 
nomical than the through, since an amount of masonry equal in 
volume to the cross-section of the piers times the height of the 
truss is saved, and a like saving is made at the abutments. 
Probably 99 per cent of all highway bridges are of one span and 
therefore have no piers, and the abutments reach up to grade in 
order to support the path of the approach. One great objection 
to the use of deck spans is that they cut down the opening for 
the stream to flow through ; and in nearly all cases the waterway 
is not too large even with the through truss. 

High truss bridges have been built for spans as short as 75 
feet, but this is not to be recommended. Such a span weighs 
the same as a low truss bridge, but on account of the small 
sections of the members considerable vibration takes place. 

The height of high truss bridges, center to center of chords, 
should not be less than 17 feet. Specifications call for a clear 
height of 13 feet, and 17 feet will allow for the thickness of the 
floor system and a good portal. Parallel chord trusses of the 
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Pratt type are the most economical for spans up to 1 60 feet. 
Beyond this limit trusses with curved chords and subverticals 
should be used. 

Riveted high trusses are seldom used for highway traffic. 
Their use for short spans when plank floors are employed is 
certainly advisable, but on account of the greater cost there is 
difficulty in persuading boards of supervisors or highway com- 
missioners to use them. With the reinforced concrete floor 
sufficient weight is obtained and lateral stability secured so that 
riveted high trusses for short spans are neither necessary nor 
advisable. 

Figure 158 shows the details of a high truss span. In many 
cases, especially where reinforced concrete floors are used, the 
lateral diagonals may consist of rods instead of angles. In 
case the span is 120 feet or less, the portals and intermediate 
cross-bracing should be of the form shown in Fig. 159a. In 



F^ 




xxxxxx 



lyyxyyyi 



(a) (b) ^cJ (d) 

Fig 159. — Types of Portals and Intermediate Cross-Bxacing. 

case the span is greater than this, the portal and cross-bracing 
should be of the form in Fig. 1 59^. 

The stresses in trusses with spans of 160 feet or less will be 
such that two channels may be used for the vertical post sec- 
tions, two channels or two channels and a plate for the end post 
and top chord sections, and I-beams for the floor beams and 
joists. 

The tension members should consist of eyebars, not loop 
bars, except in the case of the hip verticals, the first two panels 
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of the lower chords of bridges with plank floors, and the 
counters. Loop bars of steel should not be allowed except in 
counters, and here eyebars should be used if the section is 
large enough to permit their manufacture. Pins to which 
counters are attached should never be less than 2^ inches and 
are seldom greater than 4 inches in diameter for spans up to 
160 or 170 feet. This diameter of pin requires that the bar be 
not less than | inch thick and 3 inches wide. Such a bar 
requires a section of 3 X | = 2J square inches. If the counter 
is less in section than this, loop bars of soft steel, not medium 
steel, may be used provided their section is increased 25 per 
cent over that theoretically required, since experiments shew 
that steel welds develop only about 75 to 85 percent of the 
strength of the bar. Welds of medium steel are not to be 
relied upon, since they cannot be made with any degree of 
certainty. 

The use of bolts in the field connections of highway bridges 
is allowable if the holes are reamed and the bolts turned to a 
driving fit. In case the bolts are not turned to a driving fit, 
they may be used provided their number is 25 percent greater 
than that theoretically required, the excess being an allowance 
for a portion which are liable to be loose. In all cases the 
bolts should have the nuts screwed up tight. 

Field rivets instead of bolts are required by most specifica- 
tions. If these are hand driven, they are not to be preferred to 
bolts unless close inspection is given to them. Power driven 
field rivets are preferable to all other means of making field 
connections and should be employed whenever possible. 

Pins less than 2J inches and rollers less than 3 inches in 
diameter should not be used. The rapid deterioration of pins 
of smaller diameter, and the liability of smaller rollers to become 
clogged with dirt so as to prevent rolling, are the principal 
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reasons why their use should not be encouraged, even if allowed 
theoretically. 

The use of built-up pedestals and roller rests has been dis- 
continued by many engineers. In their place is a rocker bear- 
ing of cast steel or cast iron ; and 
this, at the free end, acts as a 
roller rest as well as a pedestal. 
In Fig. 1 60 are shown the details 
of the bearings for a 135-foot span 
with a 22-foot roadway, and rein- 
forced concrete floor. They were 
designed by J. E. Kirkham, Bridge 
Engineer for the Iowa State High- 
way Commission, to stand a re- 
action of 103 OCX) pounds. This 
indicates that the allowable load 
per linear inch of rocker is 4900 
pounds, whereas in accordance 
with Cooper's specifications it 
may be as great as 300 x 18 = 5400 
pounds per linear inch. In this 
equation 18 is the diameter of the roller or double the radius of 
the rolling surface. It is true that Cooper's allowance is for 
medium steel rollers, but since the cast-iron rollers of Fig. 160 
have given excellent service for many years the same allowance 
may be made for them as for medium steel rollers. 

The cost of the built-up and of the cast pedestal is about the 
same. The advantage of the rocker bearing lies in the fact that 
it seldom becomes clogged, being almost self-cleaning. The 
rolling motion is not prevented by small pieces of gravel or by 
dirt and ice as is the case with rollers of small diameter, the 
large diameter allowing the rocker to pass over them, pressing 




Fig. i6a — Detail of Cast End Bearings. 
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them flat. This form is easily cleaned. For the reasons given 
above this detail is to be recommended for end bearings. 

Highway bridges of single spans seldom have end floor beams, 
the stringers in the end panels having their free ends resting 
upon the abutment either directly or indirectly. One of the 

simplest methods is to have 
the joists extend into the 
backwall, where they rest upon 
plates built in. The concrete 
of the backwall is prevented 
from adhering to the joists 
by the use of a thick coat of 
heavy oil or a wrapping of 
building paper during construc- 
tion. This detail is shown in 
Fig. i6i. It is the same for 
both the fixed and the free ends of the span with the exception 
that slotted holes are cut as shown. It is much cheaper than 
most details for this place, and has given excellent service in 
bridges where it has been in use for several years. 

Many other methods are used to provide bearings for end 
stringers. Several of the best are shown in Fig. 162. In 162^1 



dearing Plate 
SMt9d\oks tn free end 

WSoan ctocEndHn 



^^"-Hifct fe55 than 3" 



Fig. 161. — Backwall Bearings for End 
Stringers. 
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(b) 




Free Hxecl 
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Fig. 163. — Stringer Bearings at Ends of Span. 



and 162^ the end strut runs from one shoe to the other, at the 
free end being connected to the pedestal above the roller rest 
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and at the fixed end to the base plate or pedestal. In all free 
end details the end strut moves with the movable shoe. For the 
rocker detail of Fig. i6o, the bearing 
of Fig. i6i or of Fig. 162^ is recom- 
mended for use. *• 

Floor beams should be connected 
below the pins, since this reduces the 
distance from the bottom of the shoes 
to the bottom of the stringers, and this 
decrease makes the connection between 
the end stringers and the abutment 
less expensive. Nothing is gained by 
attaching the floor beams above the 
pins, and the practice is not recom- 
mended. The floor beams should be 
riveted to the trusses below the center 
line of the pins. 

Since probably 90 per cent of all 
high truss bridges have trusses of the 
Pratt type, this one will alone be con- 
sidered. There are two general types 
of vertical posts, namely : those with 
the web of the channels parallel to the 
center line of the truss, and those with 
the web of the channel perpendicular 
to the center line of the truss. When 
intermediate bracing of the type shown 
in Fig. 1 59^ is used, neither type has 
any theoretical superiority over the 
other on account of the fact that the 
radius of gyration of the post does not have to be greater than 
the radius of gyration of one channel when taken relative to an 





Fig. 163. -Detail of Vertical Post. 
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axis perpendicular to its web. The details of posts which have 
the channel webs parallel to the center line of the truss are 
shown in Fig. 158. The details of the other type are shown in 
Fig. 163. The practical advantages are all on the side of the 
type of Fig. 158, since better connections can be made at both 
top and bottom. In cases where cross-bracing of the types 
shown in Fig. 159, a, b, and c are used, the type of Fig. 158 
becomes a necessity, since by its use a radius of gyration may 
be increased by spreading the channels, and therefore the 
stresses due to the bending caused by the action of the wind 
on the top chord can be taken care of with a much lighter 
channel than would be required by the other type. In case 
the design of the truss requires the counter to be a single bar 
or requires a tension member to be packed inside of the post 
connection at the pin, a hole must be made in the web of the 
channel, which is expensive. The type of Fig. 163 has one 

Table III. Weights of High Truss Highway Bridges wrrn Plank 

Floors. 



1 ■ 










Weight per 


Span. 


No. OF 


Height 


Total Weight 
OF Bridge, 

EXCLUSIVE OF 


Total Weight 
OF Stringers 


Lin. Ft. of 
Bridge, ex- 
clusive of 


Febt. 


Paneu. 


OF Tauss. 
Feet. 


Stringers and 

Floor Beams. 

Pounds. 


AND 

Floor Beams. 
Pounds. 


Stringers 
and Floor 

Beams. 

Pounds. 


75 


5 


17 


14 600 


II 440 


195 


80 


5 


17 


15300 


12 210 


192 


90 


6 


18 


17850 


13 860 


198 


100 


6 


20 


20 600 


15 200 


206 


1 no 


6 


21 


23753 


16 840 


216 


120 


7 or 8 


22 


27797 


18 740 


232 


130 


7 or 8 


23 


33500 


20 100 


258 


140 


8 or 9 


24 


39 140 


22 140 


279 


150 


9 


25 


45 700 


23500 


305 


, 160 


9 


27 


52 700 


27330 


329 


170 


9 


28 


58900 


29 840 


347 
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advantage, since it allows the connection of the floor beam to be 
made at the axis of the post. This is not so great an advantage, 
however, as to make this type one which can always be recom- 
mended in actual practice. 

The weights of high truss bridges with plank floors of equal 
spans vary with the width of roadway and the loading. For a 
i6-foot plank-floored roadway, a loading of lOO pounds per 
square foot of roadway for the trusses, and of a iS-ton engine 
for the floor and its connections, the weights are given in 
Table III. To the above weights must be added the weight 
of the railing. This can easily be computed from the details 
shown in Fig. 149. 

High truss bridges with a 16-foot roadway, reinforced con- 
crete floors, stiff lateral and transverse bracing, and having the 
stringers designed by assuming that the total weight of the 
IS-ton engine is distributed over an area equal to that covered 
by its wheel base, have the weights given in Table IV. The 
live load for which the trusses and floor beams were designed is 
100 pounds per square foot of floor area. 

Table IV. Weights of High Truss Highway Bridges with Stiff 
Lateral Bracing and Reinforced Concrete Floors. 



Span. 
Feet. 


1 

XO. OF 

Panels. 


Height. 
Feet. 


Weight of 

Trusses and 

Braonc. 


Weight of 
Stringers 

AND 

Floor Beams. 


Total 
Weight. 
Pounds. 


Weight of 

Two Trusses 

and All 

Braongs 

PER Lin. Ft. 


75 


5 


17 


27500 


17 050 


34600 


367 


80 


5 


17 


30 140 


18360 


48 500 


377 


90 


6 


18 


35710 


19 890 


55600 


397 


ICX) 


6 


20 


41 950 


22 270 


64 220 


420 


120 


7 or 8 


22 


57690 


26 310 


84 000 


480 


140 


8 or 9 


24 


73300 


31 440 


104 740 


525 


160 


9 


27 


91 730 


37870 


129 600 


573 
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To the weights as given in the table the weight of the railings 
must be added. 

The weights of two trusses, the lateral and transverse bracing 
and railing, for any span other than those given in Table IV 
may be calculated with the help of the formula 

w = 262 4- 0.96 / 4- 0.006 /2, 

in which w is the weight of steel, per linear foot of span of the 
bridge, floor beams and stringers excluded, and / is the span in 
feet, center to center of bearings. 

In case the lateral bracing of the bridge consists of rods, the 
hip vertical of eyebars, and the floor is designed by considering 
that one-third of the bending moment caused by a 1 5-ton engine 
is taken by one stringer, the weight of the trusses will be less 
and the weights of the floor beams and stringers will be greater 
than the values given in Table IV. Table V gives data and 
weights of bridges so designed. 

Table V. Weights of Highway Bridges with Rods for Lateral 
Diagonals and with Reinforced Concrete Floors. Clear 
Roadway 16 Feet. 



Height 



( Span. 


OF 


No. OF 


Feet. 


Truss. 


Panels. ' 


80 


Feet. 




16 


5 


120 


24 


8 


144 


24 


9 


160 

1 


24 


9 



Weight of 
Steel Ex- 
clusive OF 
Floor Beams 
AND Joists. 



Weight of 

Floor Beams 

and Joists. 



21 525 

43 311 

59930 
80430 



24943 
32388 
34 344 
44924 



Total 
Weight. 
Pounds. 



Weight or 
Steel Ex- 

CLrSIVE OF 

Floor Beaks 

and Joists pe« 

Linear Foot. 



46468 

75699 

94274 

125 354 



269 
361 

417 
502 



For other spans than those given in Table V the weight of 
steel exclusive of stringers and floor beams may be obtained 
from the formula 

w = 230 — 0.7s /+ 0.0153 /^ 
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where w is the weight of steel, exclusive of floor beams and 
joists, per linear foot of span, and / is the span in feet, center to 
center of bearings. 

Floor beams for bridges with a 16-foot roadway and a ca- 
pacity of 100 pounds per linear foot or a 15-ton engine, the 
floor being of the Johnson or Baker type, should have the 
sizes given in Table VI. 

Table VI. Sizes and Weights of Floor Beams. Clear Width of 

Roadway 16 Feet. 



Pan£l Length. 
Feet. 



7i 

8 to 15 

16 to 23 



Size of Floor 
Beam. 

15-inch X 42-lb. 
15-inch X 55-lb. 
20-inch X 65 -lb. 



Total Weight. 
Pounds. 



1040 
1280 



Floor beam connections and lateral hitches will have from 15 to 
16 percent of the weight of the beam itself. 

The spacing of joists is a factor in determining their size and 
weight. The joists are usually spaced 2 feet, or 2 feet 8 inches. 
The latter spacing is the most economical. Table VII gives 
the sizes of joists for floors of the Johnson or Baker type and 
a 1 5-ton engine capacity. Spacing 2 feet 8 inches. 

Table VII. Sizes of Stringers. 



Panel Length. 
Feet. 



Sizes of Stringers. 



8 to 1 1 .9 
12 to 15.9 
16 to 24.9 
25 to 30 



7-inch X 15-lb. 

8-inch X i8-lb. 

12-inch X 31.5-lb. 

15-inch X 42.0-lb. 



While the weights given in Tables I to VI are of value for a 
close estimate of the probable cost (see Art. 112), or for the 
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computation of the dead load, they are not to be recommended 
for use in bidding, because they are not itemized sufficiently, 
although they may be close enough otherwise. 

Art. III. Highway Bridge Abutments. 

Highway bridge abutments may consist of concrete, rein- 
forced concrete, steel, or of combinations of steel and concrete 
or timber. Concrete abutments should have a base equal to 
four-tenths of the height from the grade of the road to the base 



fil' 






J^ 



/■ 



Surface of^oad-. 





Fig. 164. — Concrete Abutment. 

of foundation. The base of the foundation should be at least 
3 feet below the bottom of the stream, unless solid rock or good 
hardpan is encountered before that depth is reached. Other- 
wise the excavation should be continued imtil a suitable founda- 
tion is reached, or piles should be driven. It will usually suffice 
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to have the wings make an angle of 30° with the face of the 
abutment. In some cases 45® will be better. If neither 30° 
nor 45** will satisfy the conditions, the wings should be given 
such a slope as to keep back the fill in the best possible man- 
ner. Figure 164 shows the standard form used by the writer, and 
Table VIII gives the necessary data for abutments for various 
spans. The upstream wings should slant back more than the 
downstream wings in case the approaches to the span are on a 
fill, the banks of the stream being low. An angle of 45^ will 
generally be sufficient to protect the fill. 



Table VIII. Dimensions of Concrete Abutments in Fig. 164. 

Clear width of Roadway 16 Feet. 



Span of Bridge 
IN Feet. 


Width op Bridge 
Seat. a. 


Length, /. 


oto 35 


I foot 4 inches 


19 feet 


35 to 50 


I foot 8 inches 


19 feet 


50 to 100 


2 feet inch 


20 feet 


100 to 150 


2 feet 6 inches 


22 feet 


1 50 to 200 


3 feet inch 


23 feet 



The design of reinforced concrete abutments which resist 
overturning by their form alone is not within the scope of this 
article. For their design, the reader is referred to works on 
reinforced concrete design. 

If the lower chord of the truss is of built-up members, as in 
riveted low truss bridges, or in case the structure is a beam 
bridge, the abutment may consist of a thin slab, no thicker than 
the backwall and bridge seat, reinforced on its outer face. 
Abutments less than 6 feet in height from the grade of the 
road to the surface of the ground do not require reinforcement, 
since their base, if equal to the thickness at the top, will be 
equal to or more than four-tenths of the height. A reinforce- 
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ment both horizontal and vertical of rods \ inch square spaced 
12 inches on centers and placed i^ inches from the face will 

be sufficient for abutments up to 
25 feet in height The wing walls 
should be reinforced with the same 
sized rods spaced 2 feet between 
centers. Care should be taken to 
see that the base is sufficiently wide 
to give ample bearing area on the 
foundation. Figure 165 shows the 

Fig. 165.- Detail of Base. ^^^^^^ ^^ ^ ^^^' ^^ ^ome Cases it 

may be advisable to have counter- 
forts located behind the bearing plates and have the wail 
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Fig. 166. — Detail of Abutment with Counterforts and Curtain Wall. 
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connecting them much thinner. Figure i66 gives the details of 
such an abutment. The value of a is given in Table VIII. 

Care must be taken in all cases where the thrust of the 
abutment is partially resisted by the truss to compute the amount 
of thrust taken by the truss and to fasten the shoes to the bridge 
seat with bolts of sufficient section to resist the resulting shear. 
No allowance should be made for movement due to temperature. 
Both ends of the span should be fixed. Care should be taken 
to compute the stresses in the bottom chord due to the tempera- 
ture and the thrust of the abutment These stresses should be 
combined with the dead load stresses and the resultant stresses 
provided for in the design of the trusses. In every case the 
design should be compared with a plain concrete abutment and 
the costs of both determined and compared. 

All-steel abutments usually consist of cylinders of steel placed 
upon a suitable foundation, filled with concrete, and connected 
by means of a curtain of plates and shapes. The wings to such 
abutments consist of shapes and plates riveted to each other, and 
to the piers, as indicated in Fig. 167. These wings are usually 
the chief source of weakness, although there are several others. 
The outer ends are often strengthened against being pushed over 
by earth pressure by having the channel at that point either 
driven deep into the ground or carried down and attached to a 
mud sill of either timber or steel. In either case the resistance 
to overturning is insufficient and the wings either fall entirely or 
tip over partially. Another source of weakness lies in the fact 
that the piers are seldom carried down far enough to prevent 
them tilting forward. In fact it is impossible, except at pro- 
hibitive expense, to carry them down sufficiently deep in ordinary 
earth to prevent their tipping forward. The beams which con- 
nect the two piers should be carefully designed to withstand the 
earth pressure which comes upon them. 
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These abutments have been used for all spans and all types 
of trusses. Their use for pin-connected spans results, in many 
cases, in the roller rest being pushed either partially or wholly 
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Fig. 167. — Cylinder Abutment. 

out from under the pedestal, on account of the earth pressure 
tilting forward the abutment cylinders. Their use for trusses 
with riveted lower chords would be advisable were it not for the 
fact that no satisfactory method has yet been devised to pre- 
vent the wings from falling forward. 
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In beam or riveted truss bridges, the abutment frequently 
consists of vertical steel columns instead of the cylinders shown 
in Fig. 167. These columns are fastened securely to the bridge 
shoes at the top while at the bottom they are fastened to a mud 
sill of timber or steel. The space between the columns is usu- 
ally filled with a concrete or timber backing, although steel 
plates may be used as in the case of cylinder abutments. The 
wings to such abutments may be made of a wood backing held 
in place by wooden piles, or it may be made as in the cylinder 
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Fig. x68. — Leg or Bedstead Bridge. 



abutment of Fig. 167. Bridges supported in this manner are 
called leg or bedstead bridges. Fig. i68 shows one with a steel 
plate backing. In many cases where the abutment is not high 
and the span is sufficiently long, the wings may be dispensed 
with and the fill allowed to fall forward or to be held in place 
by a cribbing of some kind. 

Concrete in abutments and reinforced floors cost in 1910 
from $7.25 to $8.50 per cubic yard ; in the backing of bedstead 
bridges about j^S.oo per cubic yard ; and in reinforced concrete 
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abutments, including the rods, from ^.oo to |i 12.00 per cubic 
yard. Rods in reinforced floors cost about 2.7 cents per pound 
in place. 

Art. 112. Cost of Highway Bridges. 

The cost of a bridge varies with the price of the raw material, 
the freight haul, the length of haul from the railroad station 
to the site, the difficulties of erection, the profit desired by the 
manufacturers, and for spans up to 60 feet, with the shop cost. 
For spans over 60 feet the shop cost does not vary much. 
Table IX gives the cost per pound of material of the various 
items which combine to make the total cost. Manufacturer's 
profit is not included. The cost of material includes the freight 
of the raw material from the mill to the shop, the unloading, 
and storage until used. This rate of 2.00 cents per pound was 
figured when steel was 1.88 cents per pound. This shows that 
0.12 cents per pound was the cost of freight, unloading, and 
storage. These costs were determined in 1908 at a plant having 
a capacity of 2500 to 3000 tons per annum. 



Iteu. 



Table IX. Detailed Costs of Steel Bridges. 

All values are given in cents per pound. 



Metal 

Erection 

Shop 

Haul 

Freight 

Incidental 



Total 



Beau Leg Bridges. 

Spans 8-a6 Feet. 



Range. 



2.00-2.00 
0.40-1.10 
0.14-0.40 
O.II-O.41 
0.10-0.50 
0.13-0.46 



Aver. 

2.00 
0.68 
0.26 
0.22 
0.23 

0-33 



Pony Truss Bridges. 

Pin-Connected. 

Spans 24-60 Feet. 



Range. 



2.00-2.00 
0.46-1.43 

0-35-0-73 
0.10-0.36 

0.08-0.39 

0.18-0 70 



3.20-4.38 _ 3.72 3.42-4.82 



Aver. 



2.00 
0.78 
0.51 
0.18 
0.24 
0.41 



4.12 



Throccb Truss Bridges, 

PiN-COMNECTKD. 

Spans 82-140 Feet. 



Range. 


Aver. 


2.00 


2.00 


0.52-1.06 


0.78 


0.47-0.56 


0.52 


0.04-0.14 


0.09 


0.05-0.39 


0.19 


O.I 4-0.3 1 


0.20 


3.43-4.18 


3.78 
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The items in Table IX are stated below, and under them the 
sub-items which they include. 



HAUL 

Loading 

Hauling to Bridge Site 

Unloading 

FREIGHT 

Freight from Shop to Bridge 
Site 

INCIDENTAL 

Office Work 

Bidding Expenses 

Drafting, Engineers* Expenses 

Advertising 

Shop Foreman 

Minor Items 



METAL 

Raw Material 
Freight to Shop 
Unloading and Storing 

ERECTION 

Labor 

Traveling Expenses 
Boarding and Lodging 
Minor Items such as Rails, 

Lost Tools, Telephone and 

Telegraph 

SHOP 

Labor 

Heat 

Light 

Fuel, Oil, etc. 

Power 

Minor Items 

It will be noticed that the shop cost is quite constant for the 
through truss spans. In any particular case the freight can be 
determined exactly, the haul may be computed at the rate of 
25 cents per ton-mile and 50 cents per ton for loading and 
unloading, the erection may be taken from Table IX or X or it 
may be estimated more closely in case a survey of the bridge 
site is available, the incidentals may be taken from Table IX, 
and a profit of from 10 to 20 per cent added. 

In many cases it is customary to estimate the erection at so 
much per foot of span. Table X gives the cost of erection of 
highway bridges. Each value is the average for several bridges. 



350 



HIGHWAY BRIDGES. 



Chap. X. 



Table X. Cost op Erection of Highway Bridges. 



Beam Bridges. 


Pony ok Low Tkuss. 

POf-OONNBCTEO. 


High Truss Pratt. 

Pnt-OONNECTED. 


Span in 
Feet. 


Cost per 
Linear Foot. 


Span in 
Feet 


Cortper 
Linear Foot 


1 • ' 
1 Span in Cost per 

Feet. Linear Foot 


8 
lO 

14 
16 

24 

25 
26 


II.87 
2.42 

2-33 
1.70 

0,90 

0.94 

2.17 


24 
30 
32 
36 
40 

42 

45 
56 
60 


$4.75* 
2.77 

1.65 

2.36 

1-53 

2.02 

1-43 
1.36 

2.15 


82 

85 
100 

120 

140 


$2.25 
2.08 ' 
2.94 
4.48* 
370 

1 
. 1 


Average 


$1.76 




$1.91 




$2.74 



* Not included in the general average. 

Tables IX and X give data for bridges erected in the prairie 
states of the Middle West, and their cost of erection is quite low 
when compared with hilly or mountainous regions, in which 
case, the cost may run up as high as tj.oo to $8.00 per linear 
foot of span. 

At the present time (1910) the steel in highway bridges may 
be estimated at from 3.8 to 4.25 cents per pound with two coats 
of paint and erected in place ready for traffic. Painting may 
be estimated by considering that \ gallon will give one ton its 
first coat while | gallon will be sufficient for the second coat. 
A common rule is to estimate one gallon per ton of material as 
giving two coats. A painter can apply two coats of paint on i 
to li tons of steel in a day of 8 hours. 

For example, let it be required to estimate the cost of the 
steel erected for a i6ofoot span in the Middle West, the 
bridge site being 3 miles from the railroad station and at such a 
distance from the plant that the freight is o.io cents per pound. 
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From Table X : 

Metal 2.00 cents 

Shop ; . 0.52 cents 

Incidentals 0.20 cents 

Freight '. . o.io cents 

Total 2.82 cents 

From Table V the total weight is 125 354 pounds. 

ESTIMATE OF COST. 

Steel, 125,354 pounds @ 2.82 cents $3S34'9^ 

Erection, 160 feet (fe $2.75 (Table X) 440.00 

Hauling, 63 tons x 3 miles x 25 cents 47-25 

Loading and unloading, 63 tons (w 50 cents . • . . 31-50 

Paint, 63 gallons @ $2.00 126.00 

$4279.73 

Profit, 10 per cent 427.97 

Probable cost ready for traffic 1 4707.70 

As a matter of fact the bids on the above steel work ranged 
from S4430 to $4950. One company agreed to furnish the 
material at the bridge site for 3.65 cents per pound; this would 
make the cost as follows : 

Steel, 125.354 pounds ^ $3.65 I4575.42 

Erection, 160 feet (W) $2.75 440.00 

31.5 gallons of paint @ $2.00 63.00 

$5078.42 

The erection of this bridge actually cost $1.80 per linear foot of 
span. The quotation of 3.65 cents at the bridge site is thus 
shown to be too high. 

Art. 113. Data for a High Truss Span. 

Let it be required to design a Pratt truss bridge, 160 feet in 
span, with a clear roadway of 16 feet, the floor being of the 
Baker or Johnson type. The bridge will be designed under 
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Cooper's General Specifications for Steel Highway and Electric 
Railway Bridges and Viaducts (edition of 1909 revised by Bernt 
Berger), with the exception: (a) that a live load of a 15-ton 
engine (see Fig. 144), or 100 pounds per square foot of floor 
surface will be used in designing the floor and its connections ; 
(6) that 100 pounds per square foot of floor surface will be used 
as the live load in designing the trusses; (c) that §§4, 18, and 
21, of the specifications are to be omitted; (d) that lateral rods 
and a reinforced concrete floor of the Baker type are to be 
used ; and {e) that in § 97 a thickness of -j^-inch metal will be 
allowed in the webs of channels in the lateral systems. 

The weight of the steel and floor with its earth cushion is 
computed as follows : 

Weight of steel as per Table IV 125 354 pounds 

Floor and cushion, 160 x 16 x 125 .... 256 000 pounds 

Total 81 354 pounds 

According to Table V there should be 9 panels. This makes 
each dead panel load 381 354/(2 x 9) = 21 190 pounds. The live 
panel load is J (160 x 16 x 100/9) which, in round numbers, 
is 14 230 pounds. The wind panel loads are : for the top panel 
points 2660 pounds fixed and for the bottom panel points 
2660 pounds fixed and 2260 pounds moving. 

The dead, live, and wind load stresses are computed by the 
methods of Part I, and are recorded on the stress sheet in 
Fig. 169, the height of the trusses being 24 feet, according to 
Table V. 

Art. 114. Design of Stringers 

The dead load for the stringers consists of the weight of the 
concrete floor, the earth cushion and the weight of the stringers 
themselves. Since the stringers are spaced 2' 8" centers, the 
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floor and its cushion will weigh 2.67 x ic» = 267 pounds per 
linear foot. The weight of the stringers may be approximated 
by an inspection of Table VII. Each joist for a span of 17.78 
feet weighs about 31 J pounds per linear foot. The total dead 
load is now readily computed to be 267 + 31^=298 J pounds 
per linear foot. 

The road roller, Fig. 144, for the computation of the live load 
stresses in the stringers does not give as large stresses as a 
farm or traction engine of equal weight. The 15-ton engine, 

which will be used in design- 
ing these stringers, has its 
wheel base and weights given 
in Fig. 170. 

» 

The panel length being 
17.78 feet, the position of this 
engine for maximum bending 
moment will be such as to bring 
the heavy wheel in the center 
of the span, since the ivheel 
spacing exceeds 0.586 times 
the span. The bending mo- 
ment due to this wheel at that point is^ x (10000/2) x (17.78 x 
12/2)= 177800 pound-inches. The dead load moment under 
the wheel is (298 J x 17.78 x 17.78 x i2)/8 = 141 500 pound- 
inches and this together with the live load moment makes a 
total of 319300 pound-inches. This requires a section modulus 
of 319300/13000 = 24.55 inches^. A lo-inch 25-pound I-beam 
satisfies this condition and will be used. This beam weighs a 
few pounds less than the assumed weight of the stringer, but 
since the difference docs not cause a stress equal to 10 per 
cent of the dead and live load stresses, it is not necessary to 
redesign it. 
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Fig. 170. — Wheel Base of 15-Ton EIngine. 
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Art. 115. Design of Floor Beams. 

The floor beam span is taken equal to the clear roadway, or 
16 feet. The effective span is in reality somewhat greater, but 
since the difference is seldom more than 6 inches, a length 
taken equal to the clear width of the roadway will not make 
any material difference in the design. 

The joists are spaced so closely together that the dead load 
may be considered as uniformly distributed over the floor 
beam*s span. The dead load is : 

Floor and cushion loo x i6 x 17.78 = 28448 pounds 
Stringers 7 x 25 x 17 78 =3112 pounds 

Side channels 2 x 12.25 ^ 17-28 = 236 pounds 

Total dead load on floor beam =31 796 pounds 

To this must be added the weight of the floor beam itself. 
This, according to Table VI, may be taken as 55 pounds per 
linear foot, or 16 x 55 = 1450 pounds, which brings the total 
dead load for the floor beam up to (31 796 -f- 1450) = 33 246 
pounds. The dead load bending moment is (33 246 x 16 x i2)/8 
= 797 904 pound-inches. 

The greatest bending moment will be caused either by the 
engine or by the uniform load of 100 pounds per square foot of 
floor surface. In order to get the greatest moment from the 
engine it should be placed so that the heavier wheels are 
directly over a floor beam and one of these wheels is at a dis- 
tance from the center of the floor beam equal to one-fourth of 
the distance between the wheels. In this case the small wheel 
will have (17.78— 10)5000/17.78 = 2188 pounds of its weight 
transferred to the floor beam. There will then be two loads of 
10 000 -h 2188= 12 188 pounds 6 feet apart on the floor beam, one 
of these loads being 1.5 feet from the left of the center of the floor 
beam and the other wheel on the opposite side of the center. The 
left reaction is 9900 pounds, and the moment under the wheel 
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nearest the center is 99CX) x 6.5 x 12 = 77220x3 pound-inches. 
No other load is assumed on the panel ahead, since it is 
extremely unlikely that any heavy load will precede or follow a 
traction engine. It is true that heavy separators may be 
attached to the engine, but their ifirst wheel is usually so far 
away from the rear wheel of the engine as to be in the next 
panel, and hence will not stress the floor beam in question. 

The bending moment occurring when a live load of 100 
pounds per square foot of roadway is applied is 100 X 16 x 17.78 
X 17.78 X 12/8 = 758700 pound-inches. Since this is less 
than that caused by the engine, the engine moment will be used. 
The dead load moment at the same place is [16623 x 6.5 - 
(33246/16) (6.5V2)] 12 =769800 pound-inches. The total 
moment 772 200 -f 769 800 = i 542 000 pound-inches, which re- 
quires a section modulus of i 542000/ 13000 = 118.6 inches*. 
A 20-inch 65-pound I-beam will be used (§162, Cooper), and for 
reasons stated above, a redesign will not be necessary. 

The above numerical values and others in this chapter were 
obtained by the use of the slide rule, an instrument for perform- 
ing multiplication and division where errors less than one-tenth 
of one per cent are disregarded. 

Art. 116. Design of Eyebars. 

The eyebars should not be wider than four-thirds the diameter 
of the pin to which they are attached (§ 104, Cooper), and in 
general the thickness of a bar should not be less than one-sixth 
its width. Pins safe in bending are liable to be deficient in 
bearing. For this reason it is advisable to design the bars so 
that they will not be deficient in bearing on pins of minimum 
diameter. A relation satisfying this condition will now be 
deduced. 
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Let t be the thickness of the bar, W its width, P the total 
stress it is required to sustain, D the diameter of the smallest 
pin, and S the allowable unit bearing stress. Then SDt = P. 
But D ^ \W, and JV= 6t, Substituting these values and re- 
ducing, 48 Si^ = P, Here 5 = 15 000 pounds per square inch 
for live load, and hence /= 0.00365 P^ is the minimum allow- 
able thickness of a bar. Guided by this, and knowing that bars 
under six inches should be ordered in variations of one-half inch 
and bars over six inches should be ordered in variations of one 
inch, it is now easy to find the sizes of the eyebars whose max- 
imum stress is known. The maximum stress in the web mem- 
bers is readily found by adding one-half of the dead load stress 
to the live load stress (§ 45, Cooper). This sum divided by the 
number of bars which are to carry it, gives the load P in the 
preceding formula. The minimum thickness is then computed. 
Next the area and the maximum width are found, and lastly the 
final size. For web members the widths should generally de- 
crease from the ends toward the middle of the truss. For lower 
chord members the widths should generally increase from the 
ends toward the middle. According to § 52 of the Specifications, 
the wind stresses need not be considered in L^L^ since 65 820 
> 0.3 (157200 -f- 105600). 

In case the wind stress had been 86000, it would be necessary 
to take it into account. The maximum stress would then be 
1 57 200 -f 105 600 -f S6 000 = 348 000 pounds. The unit stress 
which, according to § 52, Cooper, would then be used as a 
divisor, is 23 190 pounds per square inch, and is determined as 
follows : Let L denote the live load stress, D the dead load stress, 
Wthe wind stress, S the allowable live load unit stress, 5' the 
average allowable unit stress for both dead and live loads, A the 
area required for dead and live load stresses, and A' the area 
required for stresses due to dead, live, and wind loads. 
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Then A = L/S -h D/2S, and 5' = (i + D)A, 
whence 5' = 5 (2Z + 2Z>)/(2i + Z?) , (i) 

Cooper, § 52, requires that A^ —{L -h B + lV)/i.3oS'. On sub- 
stituting the proper numerical values there is obtained 

cf ,^^..^2x1056004-2x157200 ,«o.^iu 

S^ = 12 500 ^ — — -^ ^ == 17840 lb. persq.m., 

2 X 105 600 -h 157200 
A^ =(105600+ 157 200 + 86000)7(1.30 X 17840)= 15.04 sq.in. 

The preceding discussion is given here to illustrate the 
method of procedure in cases where the wind stresses have 
to be considered. 

The number of bars to be taken for any member is a matter 
of choice in some respects. An even number should, of course, 
always be taken, except when only one is needed. They 
should be so chosen and packed that the flexure of the pin is 
a minimum. A large number of bars decreases this flexure, 
while a small number increases it. It costs almost the same to 
forge a large eyebar as it does a small one, while the manu- 
facture of large pins is much more costly than the manufacture 
of small ones. 

The problem resolves itself into this form, namely, that the 
cost of eyebars and pins shall be a minimum. The shop 
practice of different plants modifies the results obtained as 
to the numbers of bars which satisfy these conditions, and 
therefore no rigid rule can be given. The stress in the heaviest 
eyebar of this bridge due to the weight of the bar itself is 
readily computed to be 850 pounds per square inch, which need 
not be considered. 

A table can now be formed as follows. One of the diagonals 
l/^L^ is to be adjustable, turnbuckles being used, and the bars 
are to be upset according to § 105 of the Specifications. 
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Unit 


Area 






Membkb. 


P 

Pounds. 


No. OP 
Bars. 


1 

In 
Inches. 


Stress. 

Pounds per 

Square 

Inch. 


Required 

IN 

Square 
Inches. 


Max. 
Width, 
Inches. 


Bar Used. 
Inches. 


•^(/'l 


36800 


2 eye 


0.701 


12500 


2.94 


4.20 


4xf 


L,L, 


36800 


2 eye 


0.701 


12 500 


2.94 


4.20 


4X i 


L^ 


64450 


2 eye 


0.927 


12 500 


5.15 


5.56 


5 X I 


L^K 


86475 


2 eye 


1.073 


12 500 


6.90 


6.44 


6x1 


L,L, 


92 100 


2 eye 


1. 109 


12 500 


7.40 


6.65 


6 X ij 


U,L, 


47250 


2 eye 


0.792 


12 500 


378 


478 


5 X f 


U,L, 


33838 


2 eye 


0.672 


12 500 


2.72 


4.05 


4xH 


UzL, 


24300 


2 eye 


0.569 


12500 


1.72 


3-03 


3 X i 


U,L, 


23400 


I loop 


0.559 


12 500 


1.88 


3.36 


3 X i 


U,L, 


17 710 


2 loop 


0.485 


8000 


1.22 


2.52 


2jxi 



Art. 117. Design of Posts and Pins. 

Post U^L^. The posts will consist of two channels laced, 
their webs being parallel to the plane of the truss. From § 48 
of the Specifications it is noted that the radius of gyration can- 
not be less than 24 x 12/100= 2.88 inches, and according to § 97, 
Cooper, the thickness of the metal must not be less than ^^ inch. 
A lo-inch 20-pound channel satisfies these conditions, and will 
now be investigated. 

The maximum stress in this post reduced to equivalent live 
load stress is 42380/2+33250=54440 pounds. The unit 

load allowed by the Specifications is 7^= 10000 — 45 -, where 

r 

I is the length in inches. Here /= 288 inches, r= 3.66 inches, 

and the area ^4 = 2 x $.88= 11.76 square inches. Then /^ = 

10 000 — 45 X 288/3.66 = 6460 pounds per square inch, whence 

54 440/6460 = 6.44 square inches is the section area required. 

Thus, it is seen that in order to meet the conditions of § 48 and 

§ 97 of the Specifications, the area is greatly in excess of that 

required by the given formula. A 9- or lo-inch 15-pound 



36o 



HIGHWAY BRIDGES. 



Chap. X 



I 






channel could be used if it were required to satisfy the condi- 
tions for unit load only. 

Wind on the Vertical Posts. — The channels for these 
posts should be placed a certain distance from back to back, 
which will not only insure safety against the compression of the 
vertical load, but also that due to the effect of bending at the 
point where the transverse wind bracing is connected. This 
latter bending is caused by the wind. 

Assuming that a 4-inch pin will be used at panel point L^ the 
head of the 6-inch eyebar will be found to be 12 inches upon 

I consulting the eyebar tables 
"" f3"f in manufacturers' handbooks. 
Allowing a clearance of i inch 
between the top of the floor 
beam and the eyebar head 
and using a Baker floor, the 
distance from the center line 
of the pins to the top of the 
floor is 12", as shown in Fig. 
171. This causes the lower 
cross-bracing strut to join the 
vertical post at a point 15 + ^ 
= 16 feet above the center 
line of the bottom pins. The bending moment caused by the 
wind (see Fig. 172) is 1333!^ x 16 x 12 = 256032 pound-inches, 
since the posts cannot be assumed to be fixed at the lower 
end. In reality no bending would come upon the post due to 
wind if the wind acted only on the top chord, since in this case 
the top lateral bracing would carry the wind reactions to ^^ 
portals. Since part of the wind panel loads of the top chord 
are due to wind blowing on the post and tension members, it 
is customary to consider only a portion of the 2667 pounds to 
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cause bending in the post. One-half is often chosen arbitrarily, 
although the writer considers that one-third would be more nearly 
correct. In this case one-half 
will be taken. This leaves a 
wind moment of 256032/2 = 
128016 pound-inches to be pro- 
vided for about an axis parallel 
to the webs of the channels. 

Since the post is of larger 
section than necessary, the 
section will be assumed to be 
such that the radius of gyration 
is the same with respect to 

both axes and will then be ><j| ^ 

investigated. According to Fig, 17a. 

the manufacturers' handbooks 

the channels must be 5.97 inches back to back if flanges are 
turned out as in this post. The general formula for combined 
bending and compression is (Mechanics of Materials, Art. 117), 



= Afc 



(-Cl> 



Here k should equal 10 when both the ends are free, 24 when one 
end is free and one end is fixed, and 32 when both ends are fixed. 
In all cases P equals the total direct compression in the mem- 
ber. For the case in hand jl/=g8oi6 pound-inches, ^ = 5.97/2 
-I- 2.74= 5.73 inches, /= 2 X78.7= 157.4 inches', /* = 42 3804- 
33 250= 75 630 pounds, /= 24 X 12 = 288 inches, l'= 10, and E 
is taken as 30000000 pounds per square inch. The fiexural unit- 
stress expressed in pounds per square inch is then 



5, = 98o,6 X 573/. 57.4 -Z^'^-'-*» '^"'^1.4.1 

L 10 X 30000000 J 
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The direct compression due to the dead and live loads is 
75630/11.76 = 6435 pounds per square inch, and since the unit 
stress produced by the wind is greater than 30 percent of this, 
the wind stress must be considered in designing the section. 
The average allowable unit-stress for dead and live loads is 

5' = 10000(2 X 42 380 4- 2 X 33 250)7(2 X 42 380 + 33 250) 
= 12812, 

expressed in pounds per square inch if the stress were direct. 
The specification column formula when wind is considered gives 

/*= 1.30(12812 — 1.28 X 45 X 288/3.66)= 10750 lb. per sq. in. 

The actual unit-stress due to dead and live loads is 6435 pounds 
per square inch ; the unit-stress due to the direct wind compres- 
sion (see Fig. 172) is 3765/(11.76x2)= 160 pounds per square 
inch; and that due to bending, as computed above, is 4115 
pounds per square inch. The total actual unit-stress is then 

5 = 6435 -f 160 -1-4115= 10 700 pounds per square inch. 

Since this is less than the allowable unit-stress of 10 750 pounds 
per square inch, the channels need not be spaced farther apart 
than 5.97 inches back to back as stated above. 

In case the entire bending moment due to wind had to be 
provided for, the total unit-stress would be 8230 + 320 +6435 == 
14 975 pounds per square inch, or 14 975 — 10 750 = 4225 pounds 
per square inch more than that allowed. The channels would 
then have to be spaced a greater distance then 5.97 inches back 
to back. This distance is determined by trial, and usually two 
trials are sufficient to get within three or four percent, which is 
sufficiently close. A spacing of 7 inches back to back will make 
the post safe to resist the entire wind moment. Under the 
former conditions the channels must be at least 5.97, say 6 
inches, back to back. On account of the width of the top chord 
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or end post, this distance may be increased in order to prevent 
excessive bending on the pins at the ends of the posts. 

Posts U^L^ and U^L^. — Since the minimum section was 
used for U^L^t it must also be used for these posts. In 
case the stresses in the posts were such that the posts can 
be made of different sections, it is advisable to have their dis- 
tances back to back equal to that required for the first post 
in order that the floor beams at Zj, L^y and L^ may have the 
same length. 

End Posts. — The section will consist of two channels with 
flanges turned out and a cover plate. Since the posts are 
spaced 6 inches back to back, the channels of the end post and 
chords should be at least this amount. In sections of this make- 
up the radius of gyration is approximately 0.4 the depth of the 
channel, and for equal radii of gyration about both rectangular 
axes the plate must be approximately i\ the width of the chan- 
nel. Whenever possible the lightest weight (standard) channel 
of any size should be used, since it is easier to obtain from the 
mills. Also, the head of the largest eyebar, U^L^ must go in- 
side of the chord at Ui, eccentricity being taken into account in 
case the pin is not put at the center of the channel webs. The 
eccentricity of the section is about J the depth of the channels. 
The size of the eyebar head is dependent on the diameter of the 
pin and the excess of section area of the head over that of the 
body. The percentage of excess can be figured for any width of 
bar from the eyebar tables in the various manufacturers' hand- 
books. For a 5-inch bar in U^L^ it is 30 percent. The size of 
pin must be estimated. Table XI gives the sizes of pins which 
may be used for highway spans with a 16-foot roadway and a 
capacity of a 15-ton engine or 100 pounds per square foot of 
roadway. Sizes for other spans than those given may be inter- 
polated. 
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Table XI. Diameter of Pins. 

Sizes modified where necessary by $ 104 of the Specifications. 



WooDEW Floor. 



Span 
IN Feet. 



80 
too 

150 

200 



U| and 
Lower Chord. 



2 J inches 

3 inches 
35 inches 

4 inclies 



Upper Chord. 



2\ inches 
2} inches 
2} inches 
3 inches 



Concrete Floor. 



Ui and 
Lower Chord. 



Upper Chord 



3 inches 
3I inches 
3} inches 
4\ inches 



2 J inches 

2 J inches 

3 inches 
2\ inches 



The pin at i\ is now estimated to be 3 J + (4 — 3j)( 160 - 150) 
/(200 — 150) = 3.40 inches, or say 3^ inches. By § 104 of the 
specifications it must be ^^^ x 5 = 4 inches. This will make 
the head of ^^^2=4 +1.3 x 5= 10^ inches. The pin being in the 
center of the channel web, the channel must be at least 
(10.] /2 -I- J) 2 = II J inches deep. Since there are no 11^ inch 
channels, a 12-inch channel must be assumed. The width of 
the cover plate must be i^ x 12 = 16 inches. 

The radius of gyration being approximately 0.4 x 12=4-8 
inches, the allowable unit load (Cooper, § 45) is loooo — 45 
(29.85 X 12)^4.8 = 7300 pounds per square inch. The total 
equivalent live load stress is 105 200/2 -h 70 800= 133 400 pounds, 
which requires an area of 133400/6645 = 20.01 square inches. 
Two 12-inch 25-pound channels have webs of allowable thick- 
ness and an area of 2 x 7.35 = 14.70 square inches. The required 
area of the 16-inch cover plate is 20.01 — 14.70= 5.31 square 
inches, and its thickness for this area is 5.31/16 = 0.33 inches. 

The channel flanges are 3.05 inches wide. Their outer edges 
should come slightly under the plate, say ^ inch. This will 
require the distance back to back of channels to be not greater 
than 16 — (2 X 3.65 -f ^) = 9.65 ; and since the gage of the 
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channels is 1.75 inches, the distance between rivet lines must be 
not greater than 9.65 -h 2 x 1.75 = 13.15 inches. If possible 
this should be a full quarter inch. It will therefore be taken as 
13 inches, thus making the distance back to back of channels 
13 — 2 X i| = 9| inches. According to Cooper, § 91, the least 
allowable thickness of this plate is 13/40 = 0.325 inches. 
Accordingly the cover plates must be at least | inch thick, and 
gives the following section area : 

2 12-inch 25-pound channels '4*7o square inches 

I 16 X f iiich cover plate . 6.00 square inches 

Total 20.70 square inches 

This section must now be investigated to see that it is of suffi- 
cient area to allow for all the stresses 
which act upon it. The center of 
gravity is computed by taking the 
moments about an axis at the bottom 
flanges of the channels. Its distance 
from these flanges is(6 x 14. 70 -f- I2^^g^ 
X 6.00)720.70 = 7.99 inches. This 
shows the eccentricity to be 7.99 — 6 = 
1.99 inches. The moment of inertia 
about the axis /-/ is best computed 
by arranging the computations in 
tabular form, thus : 




Piece. 


A 


/' 


k 


A)fi 


2-ChanneIs . . 
I -Plate. . . . 


1470 
6.00 


288 

« 


1.99 

4-57 


58.20 
125.20 


Sums . . . 


20.70 


288 




183.40 



* Neglected as it is very small. 

whence /= 2(7' -h Alfi) = 471.4 inches^ and the radius of gyra- 
tion of the section is 

r = (471.40/20.70)^ = 4.77 inches. 
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Lastly, by the column formula of the specifications, 

P= lo coo — 540 (29.85)74.77 = 6625 pounds per square inch, 

which is the safe unit load for the assumed section. As the 
stress on the post, reduced to equivalent live load stress, is 
133400 pounds, the area required is 133400/6625=20.12 
square inches, which is practically the same as that assumed. 

The direct stress due to wind is 18 720 pounds, which being 
less than 30 percent of the sum of the dead and live load 
stresses need not (Cooper, § 52) be considered. 

The stress due to its own weight must be determined 
(Cooper, § 55). In order to compute this, an estimate of weight 
of the end post must be made, assuming the weight of the 
details to be 20 percent of the weight of the main section. 
The weight of the details will seldom vary much from this 
percentage in highway bridges such as are treated in these 
articles. The estimated weight is 

2 Channels, 2 x 29.85 x 25 1493 pounds 

I Plate, 29.85 X 20.40 609 pounds 

2102 pounds 

Details, 20 percent 420 pounds 

Total 2522 pounds 

The bending moment caused by this weight is 0.596 x 2522 x 
29.85 X 12/8 = 67200 pound-inches, the term 0.596 being the 
sine of the angle of inclination the end post makes with the 
vertical. The unit-stress in the upper fiber due to this moment 
expressed in pounds per square inch is 

S, = 67 200 X 4.385/(471.4 - '75 8oox29.85'xi2«\ 

\ 10 X 30000000 / 

which need not be considered, since it is less than 10 percent 
of the unit stress due to the dead and live loads, which is 
175 800/20.70= 8490 pounds per square inch. 
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The section must next be investigated in regard to its safety 
about the axis z-z in Fig. 173. The computations for the 
moment of inertia are arranged in tabular form : 



Puce. 


A 


V 


* 


A» 


z Channels . . 
1 PUte .... 


14.70 
6.00 


9.06 
128.00 


S.428 


434-0 
138.0 




20.70 


137-06 




562.0 



from which /= 137.06+ 562.0 =699 inches*, and rs= (699/20.70)* 
= 580 inches, which being greater than the radius of gyration 
referred to the axis j-i shows the section to be amply safe 
when dead and live loads only 
are considered. 

The section must also be ex- 
amined to ascertain its safety 
when the wind stresses are 
considered. If the lower 
portal brace is at the same 
elevation as those of the in- 
termediate cross-bracing, it 
will be 1.243 X 8 = 9.95 feet 
from the top. The wind 
forces acting on the portal ssi 
and end post are as shown in 
Fig. 174. If the end post is 

fixed, the moment of one-half Fig. 174. —wind Forces on End Posl. 

the stress times the distance 

back to back of channels must be greater than the moment of 
the wind reaction at the foot times one-half the distance from D, 
Fig. 174, to the foot of the end post. The former is 
17s 800 X 9.50/2 = 836000 pound-inches. 



368 HIGHWAY BRIDGES. ChAP. X. 

and the latter is 

10668 X 19.90 X 12/2 = I 236 500 pound-inches. 

This shows the post to be free or at least partially so. Accord- 
ing to the methods of mechanics, if the post was absolutely fixed, 
the point of inflection would be at one-half the distance from 
the foot of the end post to the lower portal strut; and if it is par- 
tially fixed, the point will be at some intermediate point. The 
moment 836000 shows this point to be 836000/5334=156.5 
inches from the foot of the portal. The maximum bending 
moment occurs at the end of the lower portal strut and is 

5334 (^9-9X 12— i56.S)=438ooo pound-inches. 
The unit-stress expressed in pounds per square inch is 
S, = (438 000 X 16/2)/ [699 - (^753004- 18220X29.85 xi2)n 

^ ^^^ / // ^ Vy JQ ^ 30000000 J 

= 5620. 

The average unit-stress produced by both dead and live loads 
is 175800/20.70=8470 pounds, and since the wind produces 
a stress greater than 30 percent of this, the wind must be con- 
sidered. According to equation (1) in Art. 1 16 the coefficient by 
which the allowable unit-stress for live load must be multiplied 
is (2 X 70 800 4- 2 X 105 ooo)/(2 X 70 800 4- 105 000) = 1.4255- 
The allowable unit load is Z' = loocx)— 540 x 29.85/5.80 = 7230 
pounds per square inch, and, considering wind, the allowable 
unit-stress is 7230 x 1.4255 = 10300 pounds per square inch. 
The actual unit-stress is (175 800 -f- 1 8 720)/20. 70-1-5620= 14747 
pounds per square inch, which shows the section to be deficient 
and a revision necessary. 

The section can be increased either by using heavier 12-inch 
channels or by using the same channels and placing them farther 
apart, a wider and thicker plate being used ; but it is more eco- 
nomical to use wider channels, the plate being widened accord- 
ingly. If 15-inch 35-pound channels are used, the plate must 
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be about ij x 15 = 20 inches wide and ^^ inches thick, the chan- 
nels being placed 13 inches back to back. Such a section was 
tried and found to be a little too large. A section consisting of 
two 15-inch 33-pound channels, 13 inches back to back, with 
a cover plate 19 x ^^ inches gives an area of 28. 1 1 square inches. 
The moments of inertia and radii of gyration were found to be 



Axis of Reference 


/ 


r 


Perpendicular to channel web 

^ Perpendicular to cover plate 


975 
1385 


5.89 
6.51 



The allowable unit-stress, including wind, is 1.4255 x (loooo — 
540 X 29.85/6.51)= lo/cx) pounds per square inch; the actual 
unit-stress, with wind considered, is (175800+ 18720)728.11 = 
6917 pounds per square inch ; and the flexural unit-stress caused 
by the wind is 
5, =(438000 X i9/2)/ri385 - (^75800+ 18720X29.85 xi2)n 

1 VHO y/ J/^0 D 10X30000000 J 

= 3175, 

making the total unit-stress 6917 + 3175= 10095 pounds per 
square inch, which, being slightly less than the allowable value 
of 10700, shows that the section is correct. 

The section must be examined still further for eccentricity of 
pins with respect to the axis perpendicular to the channel webs. 
If the pins are not on the center of gravity axis, stresses due to 
eccentricity will occur. Since no bending due to wind occurs 
in the top chord, it is possible to use 12-inch channels with the 
pin at the center of the web. For this reason it is advisable to 
assume that the center line of pins in the end post be 6 inches 
from the cover plate. This makes the eccentricity 6— (15/2 — 
2.28) = 0.78 inch, the term 2.28 being the distance from the 
center of gravity of the section to the center line of the webs of 
the channels. 
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Referred to the axis perpendicular to the channel webs, the 
allowable unit-stress is 1.4255 (loooo — 540x29.85/5. 89)=726o 
pounds per square inch on the basis of live load equivalent 
The actual average unit-stress on the same basis is 123 400/28.11 
= 4390 pounds per square inch, while the bending moment due 
pin eccentricity is 123 400 x 0.78 = 96 300 pound-inches. The 
stress on the lower fiber due to this, expressed in pounds per 
square inch, is 

5i = 96 300 X 8.28/r975 - "3400(29-85 xi2)n ^ 

L ' 10x30000000 J 

The total actual stress is 4390 -|- 853 = 5243 pounds per square 
inch, which being- less than 7260, the allowable unit-stress, the 
section is shown to be safe. It is much safer about the hori- 
zontal axis than about the vertical axis. 



Art. 1x8. Top Chord Sections. 

In highway bridges such as are treated in this chapter it is 
more economical to determine the section for that chord mem- 
ber having the greatest stress, and to make the top chord of the 
same section throughout. 

The member U^C/^ has a dead load stress of 157200 pounds 
and a live load stress of 105 600 pounds. The total wind stress 
being 5580 pounds need not be considered (§ 52, Cooper). 
The total equivalent live load stress is 157200/2 -|- 105600 = 
184 200 pounds. If 12-inch channels with a 19-inch cover plate 
are assumed to be sufficient, the approximate allowable unit 
load is 12000 — 55 x 18.78 X 12/4.8 = 9555 pounds per square 
inch, and the approximate required area is 184200/9555 = 19.30 
square inches. The plate must be at least 15I/40 = 0.394, or 
■jjg inch thick (§ 91, Cooper), giving a section area of 8.31 square 
inches. This makes the required approximate area of one 
channel (19.30 — 8.3i)/2 = 5.50 square inches, which requiresa 
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1 2-inch 25-pound channel at least, provided there are no other 
stresses but those due to the dead and live loads. There will be 
considerable additional stress due to the eccentricity of the pins, 
which must be in the center of the web, and therefore over 
an inch from the center of gravity axis. Two 12-inch 30- 
pound channels are not sufficient. Two 12-inch 3 5 -pound 
channels might be used. Two 15-inch 33-pound channels JEire 
better. Although their area is less than the 35-pound chan- 
nel, they are deeper, and the actual total unit-stresses will be 
smaller. The same section as was used in the end post will be 
assumed as sufficient and will be investigated. 

The actual unit-stress due to equivalent live load is (157 200/2 
-}- 105600)728. 1 1 = 6550 pounds per square inch. The allow- 
able unit-stress on the basis of live load is 12000 — 660 x 17.78 
75.89 = looio pounds per square inch. The eccentricity of the 
pins being the same as in the end post, the moment caused by 
it is 184200 X 0.78 = 143 500 pound-inches, and the unit-stress 
in the lower fiber due to this, expressed in pounds per square 
inch, is 

S, = 143 500 X B.2B/197S - ^'toT io^^ S^ = "55. 

L 10 X 30000000 J 

The maximum compressive stress is in the extreme lower fiber, 
and is 6550 -I- 1255 = 7805 pounds per square inch. Although 
this shows that there is an excess of material in the section, it 
will be used, since investigation of other sections show this to be 
the most economical. 

Art. 119. Lateral and Cross Bracing. 

With a concrete floor, it is not essential that stiff lateral 
diagonal members be used; with plank floors, it is. In this case 
round rods upset at the ends and threaded will be used for the 
top and bottom lateral diagonals, and square loop bars will be 
used for the diagonals of the transverse and portal bracing. 
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Whenever loop bars are used they should be square or rectan- 
gular in section, never round, in order to give a good bearing on 
the pin. One diagonal in each of the intermediate and portal 
bracings should be made adjustable. The allowable unit-stress 
(§ 4S» Cooper) is 180CX) pounds per square inch. The computa- 
tions are best arranged as follows, reference being made to 
F*igs. 169, 172, and 174, and to § 97 for the specifications. 



References. 


Maximum Stsb^. 
Pounds. 


Area Required. 
Square Inches. 


Section Used. 


Top Laterals 








1st panel 


4- II 520 


0.64 


I rod i" diameter 


2d panel 


+ 7680 


043 


I rod I" diameter 


3d panel 


-H 3840 


0.21 


I rod i" diameter 


Center panel 


+ 





I rod i" diameter 


Bottom Laterals 








1st panel 


+ 45 900 


2.50 


I rod I J" square 


2d panel 


+ 23 470 


I-3I 


I rod I i\" square 


3d panel 


4- 16 640 


093 


I rod i" square 


4th i>anel 


-f 10 240 


0.57 


I rod J" square 


Center panel 


H- 2 820 


0.16 


I rod J" square 


Intermediate 








Cross-bracing 


+ 8 850 


0.49 


I loop bar J" x i" 


Portal 








Diagonals 


+ yj 200 


2.00 


2 loop bars i ,'^'' x i^V 



The best section for the struts of the intermediate transverse 
bracing is one consisting of two channels latticed. This will 
allow for better connections than any other section (see Figs. 158 
and 159). Here the length is taken as the clear width of road- 
way, 16 feet. By § 48 of the specifications, the radius of gyra- 
tion must not be less than 16 x 12/120= 1.6 inches. Two 
5-inch 6.] pound channels satisfy this condition, their radius 
of gyration being 1.95. They must not be spaced less than 
2\ inches back to back, flanges out The allowable unit load 
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(§ 48, Cooper) is 13000—720x16/1.95 = 7090 pounds per 
square inch. The required area (see Fig. 174), is 5334/7090 = 
0.752 square inches, and the given area is 2 x 1.95 = 3.90 square 
inches. These channels are of sufficient area and will be used. 

The total compression in the portal struts is 21 336 pounds 
and the required area, assuming the same section as used in the 
intermediate struts, is 21 336/7090= 3.01 square inches. This 
shows the section to be sufficient,, and it will be used. 



Art. 120. Detailing. 

Under this head come the determination of the sizes of pins, 
lacing, and batten or stay plates; the number of rivets; the 
thickness of pin plates; the number, diameter, and length of 
rollers ; and of the sizes of bearing and bed plates. Since this 
ground is covered in Chap. IX, the reader is referred to that 
for his guidance, careful attention being paid to the clauses of 
the specifications which relate to the several items of design. 
The most important clauses are the following: For pins, §§ 54, 
102, 103, and 104; for lacing and batten plates, § no; for 
rivets, §§ 53, 66, 75, 90, 109, and in; for pin plates, §§ 53 and 
112; for rollers, §§ 127 and 128; and for bearing plates, §§ 126, 
129, and 132. 

The sections should be marked on the stress sheet, and also 
sketches showing any particular detail designed by the engineer. 
It is not advisable to specify any particular detail unless the 
designer is familiar with shop practice. Different shops may 
have different details, and each shop's own detail may be, and 
usually is, more economical for it to make. It is better to 
submit the stress sheet, and after the contract is let, to criticise 
the shop drawings which will be furnished for approval. 
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Art. 121. Highway Bridges — Referenxes. 

The student should consult the following selected references 
to engineering periodicals to acquire a knowledge of other 
details of highway bridge trusses and floor systems than those 
described and illustrated in this chapter. 

highway pin bridges. 

Highway Bridge of 319-ft. Span, Livermore Falls, Me. 
Eng. News, v. 37, p. 191, Mar. 25, 1897. 

Highway Bridge of 406-ft. Span, Hamilton, O. Eng. News, 
V. 45. P- 370. May 23, 1901. 

South Tenth Street Bridge, Pittsburgh. Eng. Rec, v. 50, 
p. 682, Dec. 10, 1904. 

Mercantile Bridge Across the Monongahela River. Eng. 
Rec, V. 58, p. 686, Dec. 19, 1908. 

Webster-Donora Bridge. Eng. Rec, v. 59, p. 753, June 1 2, 1909. 

Design of the Broadway or Sparkman Street Bridge, Nash- 
ville, Tenn. By H. M. Jones. Eng. News, v. 62, p. 570, 
Nov. 25, 1909. 

Hudson River Bridge at Waterford, N. Y. By H. N. Peck. 
Eng. News, v. 64, p. 33, July 14, 1910. 

HIGHWAY riveted BRIDGES. 

Street Bridges over Railroad Tracks in Buffalo. Eng. Rec, 
V. 39» P- S39» May 13, 1899. 

Erection of the Portage du Fort Bridge. Eng. Rec, v. 45, 
p. 26, Jan. II, 1902. 

Rutland Canadian Railway and its Structures ; Overhead 
Steel Highway Bridge. By John W. Burke. Eng. News, 
V. 49, p. 46, Jan. IS, 1903, 
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Steel Truss Highway Bridge with Concrete Floor. Eng. 
Rec, V. 47, p. 423, Apr. 25, 1903. 

Springville Bridge. Eng. Rec, v. 47, p. 634, June 13, 1903. 

Greenfield Street Railway Bridge. Eng. Rec, v. 49, p. 462, 
Apr. 9, 1904. 

Merrimac River Bridge at Newburyport. Eng. Rec, v. 50, 
p. 218, Aug. 20, 1904. 

Highway Bridge over the Wabash River at Terre Haute. 
Eng. Rec, v. 51, p. 672, June 17, 1905 ; R. R. Gaz., v. 39, p. 20, 
July 7, 1905. By M. A. Howe. Eng. News, v. 55, p. 273, 
Mar. 8, 1906. 

Jefferson Street Bridge, Newark, N. J. Eng. Rec, v. 55, 
p. 181, Feb. 16, 1907. 

Combined Concrete and Steel Girder Bridge, Monroe Street, 
Brookland, D. C. By W. J. Douglas. Eng. News, v. 60, 
p. 464, Oct. 29, 1908. 

Carolina, Clinchfield, and Ohio Railway ; Details of Overhead 
Highway Bridge. Eng. News, v. 61, p. 53, Jan. 21, 1909. 

Communipaw Avenue Bridge, Central Railroad of New Jer- 
sey. Eng. Rec, v. 59, p. 187, Feb. 13, 1909. 

Steel Highway Bridge with Concrete Stringers and Floor 
Slabs. Eng. Rec, v. 59, p. 334, Mar. 20, 1909. 

Recent Short-Span Highway Bridges. Eng. Rec, v. 59, 
p. 351, Mar. 27, 1909. 

Sixth Street Viaduct, Kansas City. By E. E. Howard. Trans. 
Am. Soc C. E., V. 65, p. 42, Dec, 1909; R. R. Gaz., v. 42, 
p. 521, Apr. 12, 1907; Eng. News., v. 58, p. 323, Sept. 26, 1907. 

Bailey Avenue Bridge, Buffalo. Eng. Rec, v. 61, p. 612, 
May 7, 1910. 
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CHAPTER XI. 

9 

RAILROAD RIVETED BRIDGES. 

Art. 122. Forms of Trusses. 

As stated in Art. 70, the lower limit of span for railroad riv- 
eted trusses ranges from 100 to 1 10 feet, and the upper limit 
from 150 to 250 feet, according to many specifications and 
standards. In practice, however, the tendency is to extend the 
upper limit of span considerably. In 1910 and 191 1 at least seven 
railroad bridges were under construction in the United States 
containing riveted truss spans over 250 feet, and three of them 
contain spans over 350 feet, the largest being 425 feet 6 J inches. 
In Canada the longest riveted span is 412 feet 8 inches. A 
number of bridges have been built in which the truss joints are 
partly pin-connected and partly riveted (see Part I, Fig. 7i4 
This arrangement will probably be adopted often for large spans 
in connection with stiff lower chords in order to employ the 
cantilever method of erection over navigable streams and which 
it may not be so economical to rivet throughout. The general 
tendency is to restrict more and more the use of purely pin- 
connected truss bridges. 

The types of trusses in most general use for riveted bridges 
are the Warren with sub-verticals, the Pratt, the Parker, and 
the Baltimore. The order here given indicates in general their 
order of application as the span increases, except that the Balti- 
more truss may be used for shorter spans than the Pratt or 
Parker trusses when the use of solid floors requires very short 
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The double-intersection Warren truss is also used to a 
limited extent, sub -verticals 
being added when neces- 
sary to secure a shallow 
floor. The quadruple-in- 
tersection Warren truss is 
used occasionally, and 
since 1900 riveted Whipple 
trusses have been intro- 
duced for several bridges 
in the West. The use of 
more than a single system 
of web members is not re- 
garded with favor in the 
best practice, because the 
stresses are not statically 
determinate and the metal 
is distributed in numerous 
members with small cross- 
sections. In some in- 
stances the stresses in 
double-intersection Warren 
trusses are made indeter- 
minate to a still higher de- 
gree by the insertion of long 
verticals connecting the 
two systems. This is con- 
trary to the line of progress 
described in Chap. I. 



In 191 1 the general 
practice is to eliminate the pony riveted truss, and to pass 
directly from the through plate girder to the through riveted 
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truss, with the same lateral, portal, and sway bracing as those 
employed for pin bridges (see Chap. VIII). 

On elevated railroads, girders whose spans range from 40 to 
65 feet are often required to be built with open webs in order to 
admit more light beneath the structure than the solid webs of 
plate girders. This requirement applies to most locations except 
those where the elevated structures occupy the middle of a very 
wide street. Fig. 176 shows the plan, elevation, and cross- 
section of a half span of the Boston Elevated Railroad. The 
deck trusses, whose depth is very nearly six feet, are of the 
Warren type with sub- verticals. The upper chord is subject 
to combined compression and flexure, and is composed of a pair 
of angles and a web plate, while the lower chord and all of the 
web members consist only of pairs of angles, separated by 
washers whose thickness equals that of the connecting plates. 
The lateral and sway bracing is the same as that of a deck 
plate-girder bridge. 

Art. 123. Composition of Members. 

An examination of numerous general drawings and standard 
plans of railroad riveted truss bridges for spans not exceeding 
200 feet is the basis of the following general statements in 
regard to the composition of truss members in the United 
States. Some of the designs were made by consulting bridge 
engineers, others by the bridge departments of railroads, and 
the rest by the engineering departments of bridge works. 

The sub-verticals of the Warren truss consist most frequently 
of two pairs of angles laced together (see Fig. 86 in Chap. VIII), 
while less frequently the lacing is replaced by a solid web plate. 
In the longer spans or in double-track bridges they are made up 
of two channels laced together (Figs. 79 and 80). When sub- 
verticals extend from panel points near the floor to the other 
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chord and hence serve only to hold that chord in line, they are 
sometimes composed of two single angles laced together. 

The diagonals of the Warren truss are usually composed 
either of two pairs of angles united by a web plate, or of two 
channels laced together. In some cases the former section is 
increased by adding two side plates, while in others it is dimin- 
ished by omitting the web plate. As a rule, no distinction is 
made between the composition of the diagonal ties and struts. 
In the longer spans or in double-track bridges, built-up channels 
are substituted for the channel shapes when the latter fail to 
provide sufficient section area (Figs. 83 and 84). 

The suspenders or hip verticals of the Pratt truss consist most 
frequently of two pairs of angles connected by a web plate, while 
less frequently the web plate is replaced by single lacing. Oc- 
casionally they are made up of two channels which are laced 
together on both sides of the member. 

In the main diagonals of the Pratt truss, laced channels are 
used much more frequently than the angles and web plate. The 
former section is sometimes increased by adding a plate to the 
web of each channel, or by substituting a built channel, but the 
latter section is rarely modified by either adding or omitting any 
plate or shape. When the first diagonal is subject only to ten- 
sion, and the second has to resist both tension and compression, 
the former may have two pairs of angles laced while the latter 
has two channels laced together. In the middle panel both 
counter diagonals consist almost exclusively of two pairs of 
angles laced, and the same composition is used for counters 
which are inserted in adjacent panels. The tendency is to use 
but few counters in comparison with former practice. The in- 
termediate posts usually have the same composition as the main 
diagonals. 
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For the lower chord of both Warren and Pratt trusses, vrith 
the shortest spans, two pairs of angles connected by horizontal 
lacing are used, this section being increased toward the middle 
of the span by adding side plates (see Figs. 87 and 88). For 
larger spans and heavier loading two channels laced on both top 
and bottom are used, the section being increased by additional 
side plates. Built channels are employed next, the section area 
of each side of the member being increased by an additional 
plate on the back of the angles, or by a filler plate between the 
vertical legs of the angles, and a side plate on the face of the 
angles, as indicated in Fig. 94. For single-track spans below 
150 feet, the channel shapes are much more frequently used 
than either of the other two compositions mentioned. 

The corresponding upper chord sections consist respectively 
of two channels laced on both top and bottom; two channels 
with a cover plate on top and lacing on the bottom ; and two 
built-up channels with cover plate and lacing. The built-up 
section is used far more extensively than any other form of 
upper chord. Occasionally its cover plate is replaced by lacing. 
In some cases the center of gravity is brought approximately to 
mid-depth either by the addition of flats as in Figs. 95 and 96, 
or by using angles of different sizes as in Fig. 97. In all cases 
where necessary the section is increased by additional filler and 
side or web plates. 

The composition of the end post, as a rule, is identical with 
that of the upper chord in the same bridge, with the exception, 
however, that the cover plate is very rarely omitted on account 
of the lateral flexure to be resisted by the end post. 

In Canada it is regarded as good practice to omit all lacing on 
the web members excepting the end post. The smaller sections 
consist of two pairs of bulb angles connected by a web plate. 



Art. 123. 



COMPOSITION OF MEMBERS. 




i 



II 



i< 



J 



384 RAILROAD RIVETED BRIDGES. 



Art. 123. COMPOSITION op members. 



?'ig. tSo. — EnrI View of > Porlion of (he Bridge a( Coleau, Que. 

The Grand Trunk Railway bridge over the St. Lawrence river at Coleau, 
Queliec, Canad.i. consists of the following spans and lengths between centers 
of end hearings, beginning at the north end : One span of 135 feet ; a swing 
span of 350 feel g inches; two spans of 171 feet to G iron x i.sland; ten spans 
of 213 feet 10 Round island; and four spans of 219 feet to Clarke's island. 
Tiie three shorter .s|>ans have Prall trusses, while the remaining fourteen fi.ved 
spans Imve Parker trusses. The original bridge was completed in 1890, and 
in i9ro the present superstructure replaced the old riveted truss spans, which 
were too light for the requirements of modern traffic. 
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Those next in size are increased by the addition of two side 
plates slightly narrower than the width out to out of bulbs. 
Ordinary angles are substituted for the bulb angles in the sus- 
penders of Pratt and Parker trusses and in both counter diag- 
onals of the middle panel. 

This composition is simple in construction, as only two rows of 
rivets are required for the smaller sections, and in any case the 
number of pieces to be assembled is small. The bulbs on the 
angles increase the strength and stiffness of the member ma- 
terially, and experience proves their increased resistance to 
deformation during construction, shipment, and erection. The 
extensive use of bulb angles in shipbuilding for many years 
demonstrates their value in structural work. In the riveted 
truss designs of the Grand Trunk Pacific Railway the composi- 
tions of web members noted in the preceding paragraph were 
adopted as standard. The improved appearance of trusses con- 
taining them is noticed at a considerable distance, whether they 
are approached from the side or from the end of the bridge. 

An important change has also been made in Canada in the 
composition of the end post. Instead of connecting the built-up 
channels of the sides by a cover plate on top and double lacing 
below, they are united by a central longitudinal diaphragm con- 
sisting of a solid web plate and two pairs of angles, in addition 
to lacing on both top and bottom surfaces of the end post. This 
section has been adopted in the standard plans of the Great 
Northern Railway. 

Art. 124. Width of Truss Members. 

In riveted truss bridges the widths of the web and chord mem- 
bers are more closely related to each other than in pin truss 
bridges, since all the members meeting at any panel point arc 
usually connected by means of two plates. This relation of 
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width measured in a direction perpendicular to the plane of the 
truss depends also upon the direction in which the channel 
flanges or angles are turned. 

In vertical posts and suspenders the flanges of channels are 
nearly always turned in. In diagonals they are either turned in 
or out, but the practice of turning them in is steadily increasing. 
In the lower chord the prevailing practice is to turn the channel 
flanges in since this materially simplifies the floor-beam connec- 
tions, but when the chord is built up with angles and plates the 
practice of turning the flanges in or out is equally divided. In 
some cases the upper flanges are turned in while the lower ones 
are turned out. An additional practical reason for turning in the 
flanges on the lower chord is to avoid collecting cinders and 
moisture on the horizontal leg of the lower inner flange angle. 
In the upper chord and end post, however, the flanges are nearly 
always turned out. 

The illustrations in this chapter show some of the arrange- 
ments of members and connecting plates at panel points. It is 
usually desirable to avoid the use of filler plates between them 
as far as possible. Sometimes the connecting plates at the hip 
and end joints of the truss are made slightly thicker than those 
at the other joints. 

An examination of over sixty selected standard and other 
plans of railroad riveted trusses, prepared by bridge engineers 
in various parts of the country since igcx), reveals wide variations 
in the widths of the truss members for the same spans and load- 
ing. For example, in single-track bridges with a span of 150 
feet, the distance back to back of the upper chord flange angles 
varies from I2| to 18 inches; and for a span of 125 feet, from 
II to i6| inches. Again, a spacing of from 16 to 16} inches is 
used for single-track spans ranging from 105.5 to 197.5 feet 
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While it is not possible to state precisely what the average prac- 
tice is, an approximate guide for the student may be given, based 
on the above examination. 

For single-track bridge trusses the distance, in inches, back 
to back of upper chord flange angles may be taken equal to 
8 4-4-75 /, in which / is the span of the truss in feet. In prac- 
tice, the spacing varies approximately ± 2| inches from the aver- 
age given by this formula. For double-track bridges the distance 
may be taken as 8 -f 7-5 /, but the data upon which this is based 
are meager as compared with those for single-track bridges. 

When the sides of the upper chord consist of channel shapes, 
the distance given is that back to back of the channels, but when 
they are built up with web plates and angles, the distance* given 
is measured between the backs of the angles. In the latter case, 
therefore, the thickness of the web plates must be included as 
well as that of the connecting plates in computing the corre- 
sponding widths of the web members. The thickness of con- 
necting plates is discussed in the next article. 

The relation between the width of the end post and that of 
the lower chord depends upon the arrangement of these mem- 
bers at the end panel point of the truss. In practice, two plans 
are most frequently employed. In the first plan the end post is 
extended downward past the lower chord, while the latter is cut 
off so as to be riveted only to the main connecting plates (see 
FJg- ^77 ^^^ Plate VI); while in the second plan the lower 
chord is extended past the end post and the latter is cut off just 
above the chord (see Part I, Fig. 29*). The first plan is used 
more frequently than the second, but the difference does not ex- 
ceed probably twenty percent. 

Another important feature of the end joint of a riveted truss 
is the location of the pin connecting it to the end bearing. The 
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pin is either placed at the intersection of the neutral planes of 
the end post and lower chord (Plate VI), or at some distance 
vertically below that position (Fig. 177). In the latter case the 
pin is generally placed some distance below the bottom of the 
lower chord. Between these two positions, practice is about 
equally divided. Furthermore, each of these positions of the 
pin is combined to about the same extent with each of the two 
plans mentioned in the preceding paragraph. 

Occasionally, when the flanges of the lower chord are turned 
in, "both the end post and lower chord are extended past each 
other so that a considerable number of rivets pass through both 
members as well as the connecting plate. In this case the pin 
is placed below the lower chord. Other minor modifications are 
made, one example of which is shown in Fig. 175, and another 
on Plate VII. 

Art. 125. Riveted Connections. 

Joints and connections in riveted work, whether in tension 
or compression, are designed to develop the full strength of 
the members, proper allowance being made for field riveting. 
The connecting plates must have a thickness porportioned to 
the amount of stress to be transferred, and must properly dis- 
tribute the components of the web stresses to the plates and 
shapes which compose the chords. Sometimes the main connect- 
ing plates at a panel point also perform the additional function 
of splice plates for the lower chord. 

When but few lines of rivets are used in any connection and 
the lines are long, the elongation of the member within the 
limits of the connection makes a very unequal distribution of 
the stress to the rivets. This consideration will often determine 
whether to employ angles with legs wide enough to permit two 
rows of rivets or one. In the connections of web members 
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composed of channel shapes or of built-up channels, the length 
of the group of rivets is frequently shortened for the same reason 
by the addition of angle clips or lugs riveted to the channel 
flanges, thus increasing the number of rows of rivets attaching 
the member to the connecting plate. Sometimes the thickness 
of plate is made to depend upon the number of rivets in the 
connections, as, for instance, in the 1901 specifications of the 
Baltimore and Ohio Railroad, which limit the number of rivets 
in any connection of a |-inch plate to ten. 

An examination of the same plans mentioned in the preceding 
article reveals a remarkable variation in practice regarding the 
thickness of the large plates which connect the truss members 
at the panel points. For example, J-inch plates are .used in the 
trusses of single-track bridges with spans from 100 to 230 feet, 
and in double-track bridges with spans of i(X) to 155 feet; while 
f-inch plates are used in single-track bridges with spans of 105 
to 275 feet, and in double-track bridges with spans of icx)to 180 
feet. The average spans for the four cases just mentioned are 
148, 130, 193, and 1 30 feet respectively. For ^^-inch plates the 
spans of single-track bridges vary from no to 150 feet, the 
average being 132 feet. 

No rational method for the design of connecting plates has 
yet been developed. As a pre-requisite for such design observa- 
tions are needed regarding the distribution of stresses in very 
large plates by precise measurements of their deformation. 
Apparently no published results of inspections of trusses under 
traffic are available which might aid in the solution of the 
problem. The following approximate method to determine the 
thickness of connecting plates may be adopted as a guide or 
check. Let it be assumed that the stress for each side of any 
web member is transmitted into the corresponding connecting 
plate between two lines starting from the intersections of the 
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edges of the member and plate and diverging at angles not 
exceeding 30 degrees with the axis of the member. Let it be 
assumed, further, that the stress in the plate is uniformly dis- 
tributed in a cross-section, perpendicular to the axis of the 
member, taken slightly beyond its last row of connecting rivets, 
and which is limited in length by the diverging lines. In some 
cases its length will be limited still further by an edge of the 
plate itself, and then it may also become necessary to consider 
the effect of eccentricity. The greatest thickness thus required 
by the connection of the plate with any member will then 
indicate that to be adopted. 

For long spans and heavy loading the connecting plates are 
built up of two or more thicknesses of plates having different 
surface areas. In the riveted trusses of the Terminal Railroad 
bridge over the Missouri river at Kansas City, with spans of 
423 to 425.5 feet, three thicknesses are used, the largest single 
plate being 131 J inches wide, ^| inch thick, and 18 feet 10 inches 
long. In this case the web plates are spliced into the connect- 
ing plates. More than two connecting plates at any panel point, 
one on each side of the truss, are rarely required for spans 
below 250 or 300 feet. 

Tests of riveted joints show that the working strength of a 
joint is governed not only by the number of rivets used, but also 
by their arrangement and that of the component pieces of the 
joint. When the stress is transferred indirectly through filler 
plates, additional rivets are required to connect the fillers to the 
main plates or shapes in order to develop the full strength of a 
similar joint without fillers. The following selected references 
relate mainly to tests on the strength of riveted joints. 

Net Section in Riveted Work. By Theodore Cooper. 
R. R. Gaz., V. 22, p. 583, Aug. 22, 1890. 
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Experiments on Iron and Steel Joints, Riveted on an Angle. 
By B. B. Flint. Trans. Am. Soc. C. E., v. 27, p. 406, Oct., 1892. 

Watertown Tests on Riveted Joints. Tests of Metals, etc., 
1895, pp. 281-289; 1896, pp. 245-339. 

Tests of Riveted Joints. Proc. Am. Ry. Eng. & M. W. 
Assoc, 1905, V. 6, pp. 272-446. 

Distribution of Stress in Riveted Connections. By C. R. 
Young. Trans. Can. Soc. C. E., 1906, v. 20, pp. 257-287. 

Some Tests Bearing on the Design of Tension Members. 
By Edward Godfrey. Eng. News, v. 55, p. 488, May 3, 1906. 

The Strength of Riveted Joints. By Theodore Cooper. 
Eng. News, v. 55, p. 520, May 10, 1906. 

Tension Tests of Steel Angles with Various Types of End 
Connection. By F. P. McKibben. Eng. News, v. 58, p. 190, 
Aug. 22, 1907; V. 56, p. 14, July 5, 1906; Eng. Rec, v. 54, 
p. 148, Aug. II, 1906. 

Tables for Computing Eccentric Riveted Joints. By M. R. 
Hull. Eng. News, v. 62, p. 204, Aug. 19, 1909. 

Nickel Steel Riveted Joints. Editorial. Eng. Rec, v. 61, 
p. 569, Apr. 30, 1910. 

Tests of Nickel Steel Riveted Joints. Eng. Rec, v. 62, 
p. 200, Aug. 20, 1910; editorial, p. 197. 

■ 

Tests of Nickel Steel Riveted Joints. By Arthur N. Talbot 
and Herbert F. Moore. Bulletin No. 49, University of Illinois 
Engineering Experiment Station, 191 1. 

Art. 126. Details of a Pratt Truss. 

Plate VI contains parts of a general drawing of a riveted 
Pratt truss whose span is 170 feet. It was taken from one 
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of a series of standard plans of riveted bridges having a con- 
siderable range of span, and which were designed for class W 
of Waddell's compromise standard live loads (Art. 32). All 
the material is medium steel except the rivets and anchor bolts, 
which are of soft steel. The trusses are spaced 17 feet apart 
between centers, while the stringers are spaced 7 feet apart. 

The stringers (not shown on Plate VI) have web plates 
39|" X I", and flanges of two angles 6" x 4" x ^", the long 
legs being horizontal. There are seven intermediate pairs of 
stiff eners crimped over the flange angles. The end connecting 
angles have fillers under them twice as wide as the angles. 
The lateral system of the stringers in each panel consists of 
four diagonals, each composed of one 3.]" x 3J" x |" angle. 
The stringers are connected by means of two short angles to 
the lower laterals of the bridge in a very effective manner in 
accordance with the specification given in Art. 94. The con- 
nection of one of the transverse braces between the lower 
flanges of the stringers is shown on the plate. 

The floor beams have intermediate stiffeners. Their connec- 
tion to the posts and suspender is very simple, since these 
members have the same width as the stiff lower chord. The 
web of the end floor beam is reenforced at each end by a plate 
25 inches wide inside of the end connections. A diaphragm 
like that in the verticals is placed between the large connecting 
plates at the panel point Lq. 

The posts and suspender have sections like those for pin- 
connected trusses. The diagonal 6^i-Z^2 consists of two plates 
and four angles united by a single line of lacing, while the 
diagonal f/2^^3 ^^^ ^^^ channels with the flanges turned inward 
and united by two lines of lacing. In the middle panel there 
are two stiff diagonals, each composed of two pairs of angles 
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connected by a single line of lacing. Both diagonals are cut 
at their intersection and riveted to a pair of connecting plates. 

The upper chord and end post consist of a cover plate and 
two channels connected below by tie plates and single lacing. 
The splices of the upper chord are similar to those of a pin- 
connected truss. From L^ to L^ the lower chord section is 
composed of two web plates and four angles united by a series 
of narrow tie or batten plates, as shown on the drawing. From 
Zg to Z3 two plates of the same section are added and the 
angles increased to 4" x 3" x j"^", while in the middle panel the 
chord consists of two plates 12" x j^^", two plates 12" x |", and 
four angles 4" x 3" x 3^^". The entire chord is spliced on the 
left of Zj, the composition of the splice being given on the 
plate. There is a similar splice also at the left of Z3. 

The upper laterals are made up of two angles 4" X3"x |", 
laced together so as to form a stiff member as deep as the chord, 
and attached by connecting plates to the top and bottom of the 
lateral struts as well as to the chords. Each of the lower laterals 
consists of two angles 4" x 3' x "J", placed with the 4" leg ver- 
tically and riveted together every foot. The splice at the inter- 
section of the laterals has two angles of the same size in addition 
to the 12" X I" plate in order to give stiff ness as well as strength 
to the splice. The end connecting plates are riveted to the 
bottom flanges of the floor beams and to the shelf angles attached 
to the side of the chords. 

The portal bracing consists of two small trusses, one of them 
connected to the upper and the other to the lower side of the 
end posts. All the corresponding members of these trusses are 
laced together in pairs, thus making a portal of considerable 
stiffness in all directions. The construction of the intermediate 
sway bracing is fully shown on the drawing. 
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The connecting plates at the diflferent panel points are all J 
inch in thickness. * They are riveted to the inside of the upper 
chord and end posts, and to the outside of all the other mem- 
bers. The reaction of the panel point L^ is transferred from 
the end post to the pedestal by a 6-inch pin, the necessary bear- 
ing of the end post being secured by means of f-inch pin plates 
in addition to the large connecting plates. On account of the 
eccentric location of the pin, two angles are inserted to reduce 
the effect of this eccentricity on the pin plates and to aid in 
transferring its share of the stress into the cover plate. 

The general construction of the pedestals or shoes at both 
ends is indicated on the drawing. The rollers are 3 inches in 
diameter. In the first shoe the 3j-inch vertical legs of the 
angles are planed to 3 inches. The web or pin plates of the 
pedestals as well as the bearing and bed plates are f inch thick, 
while the connecting angles are 6" x 6" x f". The anchor 
bolts are of soft steel i\ inches in diameter and 2 feet long, 
having cold-pressed threads and foxed ends. 

The ends of stringers and floor beams are faced as well as 
those of abutting compression members in order to secure per- 
fect contact. All rivet holes are punched \ inch less and reamed 
to ^^ inch greater diameter than that of the rivet. All truss 
members are assembled in the shop and the field-rivet holes 
reamed to a perfect fit. 

In the shorter spans the diagonals U^L^ are made of two 
channels laced together instead of two pairs of angles similarly 
connected, and the sections of the end post are balanced by 
riv^eting flats to the lower flanges of the channels. 

A riveted truss bridge of the same type whose span is 150 
feet is described and illustrated in Engineering News, vol. 40, 
page 114, Aug. 25, 1898. It was designed by the same engi- 
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neers for the Kansas City, Pittsburg and Gulf Railroad. Two 
of the principal differences in the details consist in the upper 
chord being laced on both the upper and lower sides, and in the 
portal bracing being a simple lattice girder, combined with 
knee braces, attached to the upper side of the end post. 

Art. 127. Details of a Baltimore Truss. 

Plate VII shows the details of a riveted truss bridge on the 
New York Central and Hudson River Railroad designed in 1910 
under the direction of the Engineer of Structures. The plans 
were revised in 191 1, and extra plans made for a heavier truss 
on one side to make provision for carrying two additional tracks 
in the future. The span is 156 feet i|.inches between centers of 
truss supports. The trusses have ten panels, a depth of 32} 
feet, and are spaced 30 feet 8 inches apart. The stringers 
under each track are spaced 6J feet center to center, and the 
nearer stringers under adjacent tracks have the same spacing. 
The bridge is designed for class E60 live loading. 

The sub-verticals as well as the long suspenders consist of 
two pairs of angles connected by a web plate. The sub- 
diagonals have two channel shapes laced together, while both 
the main and counter diagonals are composed of built-up channels 
connected by lacing. The intermediate posts have the same 
composition as the long diagonals. The lower chords also con- 
sist of two built-up channels laced together, but with filler web 
plates added in two panels near the middle of the truss. The 
upper chords and end posts have the usual composition of 
two web plates, four flange angles, and a cover plate, with 
the addition of filler web plates throughout. In both cases, 
however, flats are riveted on the bottom of the lower flange 
angles to bring the neutral surface closer to the mid-depth of 
these members. 



398 RAILROAD RIVETED BRIDGES 



DETAILS OF A BALTIMORE TRUSS 



400 RAILROAD RIVETED BRIDGES. ChAP. XI. 

Angles with equal legs are used in the intermediate posts, 
long diagonals, upper chords, and end posts, while angles with 
unequal legs are employed in the sub-verticals, suspenders, and 
lower chords. The flanges are turned in on the sub-diagonals, 
vertical posts, and lower chords, while they are turned out on the 
long diagonals, upper chords, and end posts. 

Intermediate transverse diaphragms are inserted in the upper 
chords and end posts, one being placed directly below the con- 
nection of the portal bracing. Since the intermediate posts do 
not extend into the upper chords, transverse diaphragms are 
placed also at these panel points. Short longitudinal diaphra^is 
are inserted in the end posts opposite the lower portal strut, and 
the lower part of the portal brackets. 

Main connecting or gusset plates one-half inch thick are used 
at the lower panel points of the truss except at the end, and at 
the joints midway between the chords. At the intermediate 
joints on the upper chord, their thickness is five-eighths of an 
inch, while those at the hip and end joints of the truss are three- 
quarters of an inch in thickness. Angle clips on the sides of a 
member arc employed in many cases to shorten the riveted end 
connections of web members. 

The widths of members, back to back of angles, measured 
transversely with respect to the truss, are as follows : suspenders, 
i6^^ inches; vertical posts, i5-^^g inches; lower chords, I4}|^ 
inches ; long diagonals, 19^ and 19J inches, the latter being in 
the counter-braced panels ; upper chords, 19I inches ; and end 
posts, 19I inches. The sub-diagonals are 16^ inches wide, 
back to back of channels. 

The floor beams are 39J inches deep, back to back of flange 
angles, and were made shallow since it was necessary to use a 
minimum floor depth on account of grades and the requirement 
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of raising tracks to provide a specified clearance over the canal. 
The distance from base of rail to the under clearance line is 
3 feet 8 inches. The composition of the floor beams is a little 
unusual, but was designed to secure the maximum efifective 
depth for stiffness. It is observed that in addition to a number 
of cover plates, flats are placed on the faces of the horizontal 
legs of the flange angles. 

The vertical members of the lighter truss to which the floor 
beams are attached are given increased section areas to provide 
for the secondary stresses due to the deflection of the shallow 
floor beams. A part of the increased section is secured by ex- 
tending the fillers under the floor beam connection angles, and 
by means of the extra plates above the gusset plates. Fillers 
are also extended on the main diagonals for the same purpose. 
A large increase was made in the section areas of the sub-verticals 
at panel point i, in order to resist the secondary stresses due to 
the stiffness of the end post. Still further provision for second, 
ary stresses due to the deflection of the floor beams is made by 
using slightly shorter lengths than the nominal lengths required 
for the upper lateral and transverse bracing. In erection the 
trusses are sprung inward one-half inch at the top to connect to 
the bracing, thus causing some bending moment in the verticals, 
which is relieved when the floor beams deflect under the live 
load traffic. 

Lacing composed of angles is used on the upper chords, on the 
end posts, and on the long diagonals which are subject to bend- 
ing due to the deflection of the floor beams. Angle lacing is 
used also in the upper lateral system. Lacing bars are used on 
the sub-diagonals, the posts, and the lower chord members. 
Only single lacing is employed throughout. Numerous other 
details are shown on Plate VII, which need no further 
description. 
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Art. 128. Analysis of Weight 

A profitable study of the details of a design may be made by 
preparing an analysis of the weight of the trusses and bracing, 
in a similar manner to that explained in Art. loi for a pin truss 
bridge. The data in the following table were obtained from an 
analysis of 23 designs. The spans range from 98 feet 8 inches 
to 230 feet. Only three spans, however, exceed 170 feet, in- 
cluding one through Pratt truss span of 197.5 feet, and two 
Whipple truss spans of 230 feet. Of the series, 18 plans are 
those of single-track bridges, and 5 of double-track bridges; 13 
are standard plans, and 10 are the plans of bridges for given 
locations; 2 have deck trusses, 3 have pony trusses, and 18 
have through trusses. The equivalent uniform live load ranges 
from 4400 to 6625 pounds per linear foot of track, except in 
one case in which it is 3260 pounds. The dates of the standard 
plans or of the completion of the bridges are included in the 
first half of the decade following 1900. 

The weights are divided into five'^-parts: first, those of the 
main shapes which compose the members, including channels, 
angles, and plates, which extend nearly or quite the full lengths 
of the members, and with cross-sections designed to resist the 
respective stresses ; second, those of the main connecting plates 
at the panel points of the trusses, and which perform the same 
function as the pins and pin plates in pin-connected trusses; 
third, those of the tie plates, lacing bars, and batten plates, 
which unite the main shapes of the members or hold them in 
line ; fourth, those of other details, including plates and angles 
used at splices, in diaphragms, and at the connections of the 
lateral and transverse bracing, together with filler plates, the 
extra pin plates at the end panel points, etc ; fifth, those of the 
rivet heads only, since no deduction is made for the rivet holes 
in plates and shapes which are subsequently filled by the shanks 
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of the rivets. The weights of all details in the end bearings 
are excluded in these analyses. All of the bridges had the 
ordinary type of open floor, except one which had a trough floor. 



Analysis of Weight of Trusses and Bracing. 
The values given are percentages. 
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The table shows that there is but little difference between 
the results for through and pony trusses. The main connect- 
ing plates are relatively heavier since their thicknesses were the 
same as those of some of the heavier through trusses with 
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longer spans. The advantage of deck spans is evident on com- 
paring the percentages in line 3 with those in lines i, 2, and 4. 
Lines 6 and 7 indicate the effect of using multiple intersection 
trusses with more numerous web members of small section and 
with shorter panels. The through quadruple Warren truss span 
with 9 panels has a length and live loading intermediate be- 
tween two 6-panel through Pratt truss spans. The weight of 
trusses and bracing for the lattice truss is 93 500 pounds, and 
for the two Pratt trusses is 700CX)and 8o6cxd pounds respec- 
tively. The weights of the entire spans, including single tracks 
of practically equal weight per foot, are 327700^ 269700, and 
295 100 pounds respectively. It must be remembered, however, 
that the shorter panels of the lattice trusses permit the use of a 
much shallower floor system than that in the Pratt truss spans. 
Lines 11, 12, and 13 indicate some effect of the personal equa- 
tion in designers. 

The highest percentages for main connecting plates occur in 
pony trusses, Whipple trusses, and in double-track bridges. In 
two cases where single- and double-track bridges have the same 
span and live loading, and are included in the same set of stand- 
ards, the total weight of the connecting plates for the double- 
track bridges is about three times that for the single-track 
bridges. Web members composed of two pairs of angles 
require smaller widths of connecting plates than those con- 
sisting of laced channels. The lowest percentage occurs 
in a deck Warren truss in which there are no sub-vertical 
suspenders. 

The highest percentage for tie plates and lacing occurs in a 
bridge in which these details are employed in every member of 
the trusses and upper laterals. The next in order are the 
multiple intersection trusses. The lowest percentage occurs in 
a deck Warren truss without suspenders. 
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The highest percentage for other details occurs in single- 
track bridges having heavy diaphragms in the verticals opposite 
the floor-beam connections. The use of filler plates between 
some members and the connecting plates also tends to increase 
the percentage for this group of details. The lowest percentage 
is in a pony truss which has no upper lateral system. Since 
the connections of the lateral and transverse bracing are in- 
cluded in this division of the weight, the character of such brae 
ing as well as its entire absence will materially modify the per- 
centage for these minor details. It should be added, however, 
that another pony truss stands third in the list of 23 bridges with 
a percentage of 9.9. 

The highest percentage for the weight of rivet heads occurs 
in a Pratt truss span, 100 feet long, in which every vertical con- 
sists of a pair of angles united by a web plate, and the upper 
chord is built up of plates and angles, and with a cover plate. 
The lowest percentage occurs in a Pratt truss span 120 feet 
long in which all the members have tie plates and lacing, and 
the upper chord consists of two channels laced on both top 
and bottom. 

It is also desirable to compare the final weights of different 
classes of main truss members, including their details, with their 
theoretic weights, which are obtained by considering only the 
main shapes composing the members, and assuming their 
lengths to be the distances between the corresponding panel 
points. The ratio of the final to the theoretic weight is found 
to vary as follows : For intermediate posts and suspenders, 
from 1. 6 1 to 1.03 ; for diagonals and lower chords, from 1.45 
to 1.03 ; for upper chords and end posts, from 1.49 to 1.07 ; and 
for all truss members, from 1.34 to i.io. The corresponding 
average ratios are 1.25, 1.20. 1.2 1, and 1.2 1. These averages 
are found more uniform than those for pin-connected trusses. 
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An indication of the extreme differences in ratio for a given 
bridge may be observed from the following values for the classes 
of members arranged in order as given above: 1.61, 1.45, 1.09, 
and 1.34; 1.03, 1.23, 1.49, and 1.29. The following two examples 
show the least variation: 1.25, 1.21, 1.25, and 1.23; 1.27, 1.29, 
1.25, and 1.27. The value of such ratios in designing trusses 
and details is explained in Art. loi. 

In the 23 bridges, whose analyses for trusses and details are 
considered in this article, the entire weights of the spans, ex- 
clusive of end bearings, are distributed as follows : trusses and 
bracing, 68.2 to 40.7 percent ; steel floor system, 41.7 to 0.0 per- 
cent; and track, 32.6 to 13.6 percent; the corresponding aver- 
ages being 52.85, 24.74, ^^^ 22.41 percent. The largest per- 
centage for the steel floor system is in a double-track bridge 
with a trough floor, while one of the deck spans had no floor 
system, the ties being supported directly by the upper chords of 
the trusses. If these two cases are excluded, the weight of the 
steel floor system, all of the ordinary open type, varies from 
33.7 to 18.2 percent. The three remaining values below 22.0 
percent occur in bridges with very short panels and multiple 
intersection trusses. 

It is to be remembered that, if the same specifications and the 
same regard for ultimate economy in construction and main- 
tenance had been used in the design of these 23 bridges, the 
variation in the results would be considerably reduced. 

Art. 129. Riveted Truss Bridges — References. 

The selected articles included in the following references to 
engineering periodicals contain descriptions and illustrations of 
the details of modern riveted railroad bridges and of some 
standard designs. 
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Bridge Work on the Kansas City, Pittsburg, & Gulf Railroad 
Eng. News, v. 40, p. 114, Aug. 25, 1898. 

Maiden Lane Bridge of the New York Central and Hudson 
River Railroad, Albany, N. Y. Eng. Rec, v. 40, p. 498, Oct 
28, 1899. 

Standard Bridge Plans of the Northern Pacific Railway. By 
Ralph Modjeski. Eng. News, v. 45, p. 60, Jan. 24, 1901; 
Eng. Rec, v. 43, p. 175, Feb. 23, 1901. 

American Bridges in Mexico. Eng. Rec, v. 44, p. 196, 
Aug. 31, 1901. 

Erection of the Northwest Miramichi Bridge, Newcastle, N. B.; 
Intercolonial Railway. By H. D. Bush. Trans. Can. Soc. C. E., 
1903, V. 17, p. 77. 

Floor Beam and Lateral Street Connections to Riveted 
Trusses. Eng. Rec, v. 49, p. 416, Apr. 2, 1904. 

One Hundred-foot Pony-truss Single-track Through Span 
with Shallow Floor. Eng. Rec, v. 49, p. 427, Apr. 2, 1904. 

Eraser River Bridge, British Columbia. Eng. Rec, v. 49, 
p. 582, May 7, 1904. 

Standard Bridges on the Harriman Lines. R. R. Gaz., v. 39, 
pp. %^, 130, 162, 188, and 200, July 28, Aug. 11, 18, 25, and 
Sept. I, 1905. 

Through-truss 'Short-span Double-track Bridge;. New York, 
New Haven, & Hartford Railroad. Eng. Rec, v. 52, p. 464, 
Oct. 21, 1905. 

End Panel Construction of a Skew Bridge ; New York, Chi- 
cago, & St. Louis Railroad. Eng. Rec, v. 53, p. 481, Apr. I4» 
1906. 

New Belt Railway at Kansas City. Eng. News, v. 58, p. 518, 
Nov. 14, 1907. 
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McKees Rocks Bridge; Pittsburgh & Lake Erie Railroad. 
Eng. Rec, v. 58, p. 246, Aug. 29, 1908. 

Replacing the Clyde River Bridge of the West Shore Rail- 
road. Eng. Rec, v. 58, p. 463, Oct. 24, 1908. 

New Bridge crossing the Mississippi at Clinton, la. ; Chicago 
& Northwestern Railway. By F. H. Bainbridge. Eng. News, 
V. 61, p. 63, Jan. 21, 1909. 

Central of New Jersey Bridge Renewal at Bethlehem. Ry. 
Age Gaz., v. 46, p. 251, Feb. 5, 1909. 

Long-span Riveted-truss French River Bridge; Canadian 
Pacific Railway. Eng. Rec, v. 60, p. 245, Aug. 28, 1909 ; Eng. 
News, V. 60, p. 85, July 23, 1908 ; Trans. Can. Soc. C. E., 1908, 
V. 22, p. 204. 

Reconstruction of the Steubenville Bridge ; Pittsburgh, Cin- 
cinnati, Chicago, & St. Louis Railway. Eng. Rec, v. 62, p. 596, 
Nov. 26, 1 9 10. 

Construction and Reconstruction of the Coteau Bridge ; 
Grand Trunk Railway. Eng. Rec, v. 62, p. 628, Dec. 3, 1910. 

Renewal of the Kentucky River High Bridge, Cincinnati, 
New Orleans, & Texas Pacific Railroad. By H. H. Starr. 
Eng. News, v. 65, p. 518, Apr. 27, 1911 ; Eng. Rec, v. .62, 
p. 774, Dec 31, 1910. 
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Part rV, Higher Structures* 

Third Edition, Octavo, Cloth, Price $2.50. 
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AGRICULTURE— HORTICULTURE—FORESTRY. 

Armsby's Principles of Animal Nutrition 8vo, S4 00 

* Bowman's Forest Physiography 8vo, 5 00 

Budd and Hansen's American Horticultural Manual: 

Part I. Propagation, Culture, and Improvement 12mo, 1 50 

Part II. Systematic Pomology 12mo, 1 60 

Elliott's Engineering for Land Drainage 12mo, 1 50 

Practical Farm Drainage. (Second Edition, Rewritten.) 12mo, 1 50 

Graves's Forest Mensuration 8vo, 4 00 

♦ Principles of Handling Woodlands Large 12mo, 1 50 

Green's Principles of American Forestry 12mo, 1 50 

Grotenfelt's Principles of Modem Dairy Practice. (WoU.) 12mo, 2 00 

* Herrick's Denatured or Industrial Alcohol 8vo, 4 60 

Holm's Milk in Denmark. (In Press.) 

* Kemp and Waugh's Landscape Gardening. (New Edition, Rewritten.) 1 2mo, 1 50 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, 1 50 

Maynard's Landscape Gardening as Applied to Home Decoration 12mo, 1 50 

Sanderson's Insects Injurious to Staple Crops 12rao, 1 50 

Insect Pests of Farm. Garden, and Orchard. (In Press.) 

* Schwarz's Longleaf Pine in Virgin Forest 12mo, 1 25 

* Solotaroff's Field Book for Street>tree Mapping 12mo, 75 

In lots of one dozen 8 00 

* Shade Trees in Towns and Cities 8vo, 3 00 

Stockbridge's Rocks and Soils 8vo. 2 50 

Winton's Microscopy of Vegetable Foods 8vo, 7 50 

WoU's Handbook for Farmers and Dairymen Idmo, 1 50 

ARCHITECTURE. 

Atkinson's Orientation of Buildings or Planning for Sunlight. (In Press.) 

Baldwin's Steam Heating for Buildings 12mo, 2 50 

Berg's Buildings and Structures of American Railroads 4to, 5 00 
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1 25 



Birkmire's Architectural Iron and Steel 8vo, 

Compound Riveted Girders as Applied in Buildings 8vo. 

Planning and Construction of American Theatres. 8vo, 

Planning and Construction of High Office Buildings 8vo, 

Skeleton Construction in Buildings 8vo, 

Briggs's Modem American School Buildings 8vo. 

Byrne's Inspection of Materials and Workmanship Employed in Construction. 

16mo, 

Carpenter's Heating and Ventilating of Buildings 8vo. 

* Corthell's Allowable Pressure on Deep Foundations I2mo, 

Eckel's Building Stones and Clays. (In Press.) 

r*reitag's Architectural Engineering 8vo, 3 50 

Fire Prevention and Fire Protection. (In Press.) 

Pireproofing of Steel Buildings 8vo, 2 50 

Gerhard's Guide to Sanitary Inspections. (Fourth Edition, Entirely Re- 
vised and Enlarged.) 12mo. 1 50 

* Modem Baths and Bath Houses 8vo. 3 00 

Sanitation of Public Buildings. 12mo. 1 50 

Theatre Fires and Panics 12mo, 1 50 

* The Water Supply, Sewerage and Plumbing of Modem City Buildings, 

8vo. 4 OO 

Johnson's Statics by Algebraic and Graphic Methods 8vo. 2 00 

KfUaway's How to Lay Out Suburban Home Grounds 8vo, 2 00 

Kidder's Architects' and Builders' Pocket-book. 16roo, mor.. 5 00 

Merrill's Stones for Building and Decoration 8vo, 5 00 

Monckton's Stair-building -ito, 4 (X> 

Patton's Practical Treatise on Foundations 8vo. 5 00 

Peabody's Naval Architecture 8vc, 7 oO 

Rice's Concrete-block Manufacture 8vo, 2 OO 

Richey's Handbook for Superintendents of Construction 16mo, mor. 4 00 

Building Foreman's Pocket Book and Ready Reference. . 16mo. mor. 5 00 
♦ Building Mechanics' Ready Reference Series: 

* Carpenters' and Woodworkers' Edition 16mo, mor. 1 50 

♦ Cement Workers' and Plasterers' Edition 16mo. mor. 1 50 

♦ Plumbers', Steam-Fitters', and Tinners' Edition. . .Idmo. mor. 1 50 

* Stone- and Brick-masons' Edition 16mo. mor. 1 50 

Sabin's House Painting , r2mo, 1 00 

Siebert and Biggin's Modem Stone-cutting and Masonry '. 8vo, 1 SO 

Snow's Principal Species of Wood 8vo, 3 50 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Contracts 8vo, 3 00 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 5 OO 

Sheep, 5 50 

Wilson's Air Conditioning 12mo. 1 50 

Worcester and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small 

Hospital 12mo. 1 25 



ARMY AITD NAVY. 

Bemadou's Smokeless Powder, Nitro-cellulose, and the Theory of the Cellu- 
lose Molecule 12mo, 2 50 

Chase's Art of Pattern Making 12mo, 2 50 

Screw Propellers and Marine Propulsion 8vo, 3 00 

• Cloke's Enlisted Specialists' Examiner 8vo, 2 00 

♦ Gunner's Examiner 8vo, 1 50 

Craig's Azimuth 4to. 3 60 

Crehore and ^quier's Polarizing Photo-chronograph 8vo, 3 00 

♦ Davis's Elements of Law 8vo, 2 50 

* Treatise on the Military Law of United States 8vo, 7 00 

* Dudley's Military Law-and the Procedure of Courts-martial. . .Large 12mo, 2 50 
Durand's Resistance and Propulsion of Ships 8vo, 5 00 
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* Dyer's Handbook of Light Artillery 12mo. S3 00 

Eissler's Modem High Explosives 8vo 4 00 

* Piebeger's Text-book on Field Fortification Large l2mo, 2 00 

Hamilton and Bond's The Gunner's Catechism 18mo, 1 00 

* HoflF's Elementary Naval Tactics 8vo, 1 60 

Ingalls's Handbook of Problems in Direct Fire 8vo, 4 00 

Interior Ballistics. (In Press.) 

* Lissak's Ordnance and Gunnery 8vo» 6 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, 1 00 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and ir..8vo,each, 6 00 

* Mahan's Permanent Fortifications. (Mercur.) 8vo, half mor. 7 60 

Manual for Courts- martial 16mo, mor. 1 60 

* Mercur's Attack of Fortified Places 12mo, 2 00 

♦ Elements of the Art of War 8vo, 4 00 

Kixon's Adjutants' Manual 24mo. 1 00 

Peabody's Naval Architecture 8vo, 7 60 

* Phelps's Practical Marine Surveying 8vo, 2 60 

Putnam's Nautical Charts 8vo, 2 00 

Rust's Ex-meridian Altitude. Azimuth and Star-Finding Tables 8vo, 6 00 

* Selkirk's Catechism of Manual of Guard Duty 24mo. 60 

Sharpe's Art of Subsisting Armies in War 18mo, mor. 1 60 

* Taylor's Speed and Power of Ships. 2 vols. Text 8vo. plates oblong 4to, •7 60 
^ Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing. 

24 mo, leather, 60 

* Weaver's Military Explosives 8vo, 3 00 

^ WooUhuU's Military Hygiene for Officers of the Line Large 12mo, 1 60 

ASSAYING. 

Betts's Lead Refining by Electrolysis 8vo. 4 00 

*Butler's Handbook of Blowpipe Analysis 16mo, 75 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo, mor. 1 50 

Furman and Pardoe's Manual of Practical Assaying 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments.. 8vo, 3 00 

Low's Technical Methods of Ore Analysis 8vo, 3 00 

Miller's Cyanide Process 12mo, 1 00 

Manual of Assaying. . . ., 12mo, 1 00 

Minet's Production of Aluminum and its Industrial Use. ( Waldo. )...12mOk 2 60 

Ricketts and Miller's Notes on Assaying 8vo^ 3 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vc, 4 00 

* Seamon's Manual for Assayers and Chemists Large 12mo, 2 50 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

Wilson's Chlorination Process 12mo. 1 60 

Cyanide Processes 12mo, 1 50 

ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

Craig's Azimuth 4to. 3 50 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Hosmer's Azimuth lOmo, mor. 1 QO 

♦ Text-book on Practical Astronomy 8vo, 2 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo. 2 60 

* Michie and Harlow's Practical Astronomy 8vo, 3 00 

Rust's Ex-meridian Altitude, Azimuth and Star-Finding Tables 8vo, 5 00 

* White's Elements of Theoretical and Descriptive Astronomy 12mo, 2 00 

CHEMISTRY. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, 6 00 

* Abegg's Thebry of Electrolytic Dissociation, (von Endc.) 12mo, 1 26 

Alexeyeff's General Principles of Organic Syntheses. (Matthews.) 8vo. 3 00 

3 



Allen's Tables for Iron Analysis 8vo, S3 00 

Armsby's Principles of Animal Nutrition 8vo, 4 00 

Arnold's Compendium of Chemistry. (MandeL) Large 12mo, 3 60 

Association of State and National Pood and Dairy Departments, Hartford 

Meeting. 1906 8vo, 3 00 

Jamestown Meeting, 1907 Svo, 3 00 

Austen's Notes for Chemical Students , 12mo, 1 50 

Baskcrville's Chemical Elements. (In Preparation.) 

Bemadou's Smokeless Powder. — Nitro-cellulose, and Theory of the Cellulose 

Molecule 1 2mo, 2 50 

* Blitz's Introduction to Inorganic Chemistry. (Hall and Phelan.). . . 12mo. 1 25 

Laboratory Methods of Inorganic Chemistry. (Hall and Blanchar^.) 

Svo, 3 00 

* Bingham and White's Laboratory Manual of Inorganic Chemistry. .12mo. 1 OO 

* Blanchard's Synthetic Inorganic Chemistry 12mo, 1 00 

Bottler's Varnish Making. (Sabin.) (In Press.) 

* Browning's Introduction to the Rarer Elements 8vo, 1 60 

* Butler's Handbook of Blowpipe Analysis 16mo, 75 

* Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) Svo, 3 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

Cohn's Indicators and Test-papers .• 12mo, 2 00 

• Tests and Reagents Svo, 3 00 

Cohnheim's Functions of Enzymes and Ferments. (In Press.) 

* Danncel's Electrochemistry. (Merriam.) 1 2mo, 1 26 

Danncrth's Methods of Textile Chemistry 12mo, 2 00 

Duhem's Thermodynamics and Chemistry. (Burgess.) Svo, 4 00 

EfFront's Enzymes and their Applications. (Prescott.) Svo, 3 00 

Eissler's Modem High Explosives Svo. 4 00 

* Fischer's Oedema Svo, 2 00 

* Physiology of Alimentation Large 12mo, 2 00 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo, mor. 1 60 

Fowler's Sewage Works Analyses 12mo, 2 00 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) Svo, 6 00 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.)8vo, 3 00 

Quantitative Chemical Analysis. (Cohn.) 2 vols 8vc, 12 50 

When Sold Separately. Vol. I, $6. Vol. II, $8. 

Fuertes's Water and Public Health 12mo. 1 60 

Furman and Pardoe's Manual of Practical Assaying Svo, 3 00 

* Getman's Exercises in Physical Chemistry 12mo, 2 OO 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 26 

* Gooch and Browning's Outlines of Qualitative Chemical Analysis. 

Large 12mo. 1 26 

Grotenfelfs Principles of Modem Dairy Practice. (Woll.) 12mo. 2 OO 

Groth's Introduction, to Chemical Crystallography (Marshall) 12mo, 1 26 

* Hammarsten's Text-book of Physiological Chemistry. (Mandel.) Svo, 4 OO 

Hanausek's Microscopy of Technical Products. (Win ton.) Svo, 5 OO 

* Haskins and Macleod's Organic Chemistry 12mo, 2 00 

* Herrick's Denatured or Industrial Alcohol Svo, 4 00 

Hinds's Inorganic Chemistry Svo, 3 00 

* Laboratory Manual for Students 12mo, 1 OO 

^ HoUeman 's Laboratory Manual of Organic Chemistry \for Beginners. 

(Walker.) 12mo. 1 00 

Text-book of Inorganic Chemistry. (Cooper.) Svo, 2 50 

Text-book of Organic Chemistry. (Walker and Mott.) Svo, 2 60 

Holley's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo, 3 00 

Hopkins's Oil-chemists' Handbook Svo 3 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .Svo, 1 26 
Johnson's Rapid Methods for the Chemical Analysis of Special Steeb, Steel- 
making Alloys and Graphite Large 12mn, 3 00 

Landauer's Spectrum Analysis. (Tingle.) Svo, 3 (X> 

Lassar-0>hn's Application of Some General Reactions to Investigations in 

Organic Chemistry. (Tingle.) 12mo, 1 00 

Loach's Inspection and Analysis of Food with Special Reference to State 

Control Svo. 7 60 

Ldb's Electrochemistry of Organic Compounds. (Lorenz.) •. . . . .8vo, 3 CO 

4 



Lodge*a Notes on Assaying and Metallurgical Laboratory Experiments.. Svo, 13 

Low's Technical Method of Ore Analysis : 8vo, 

Lowe's Paint for Steel Structures. 12mo, 

Lunge's Techno-chemical Analysis. (Cohn.) 12mo, 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, 

Maire's Modem Pigments and their Vehicles 12mo, 

Mandel's Handbook for Bio-chemical Laboratory 12mo, 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe 

^ 12mo, 

Mason's Examination of Water. (Chemical and Bacteriological.) 1 2mo. 

Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 

* Mathewson's First Principles of Chemical Theory 8vo, 

Matthews 's Laboratory Manual of Dyeing and Textile Chemistry Svo, 

Textile Fibres. 2d Edition, Rewritten 8vo. 

* Meyer's Determination of Radicles in Carbon Compounds. (Tingle.) 

Third Edition 12mo, 

Miller's Cyanide Process 12mo, 

Manual of Assaying 12mo, 

Minet's Production of Aluminum and its Industrial Use. ( Waldo.)... 12mo. 

* Mittelstaedt's Technical Calculations for Sugar Works. (Bourbakis.) 12mo, 

Mixter's Elementary Text-book of Chemistry 12mo. 

Morgan's Elements of Physical Chemistry 12mo, 

* Physical Chemistry for Electrical Engineers 12mo, 

* Moore's Experiments in Organic Chemistry 12mo, 

* Outlines^of Organic Chemistry 12mo, 

Morse's Calculations used in Cane-sugar Factories 16mo, mor. 

* Muir's History of Chemical Theories and Laws Svo, 

Mulliken's General Method for the Identification of Pure Organic Compounds. 

Vol. I. Compounds of Carbon with Hydrogen and Oxygen. Large Svo. 

Vol.11. Nitrogenous Compounds. (In Preparation.) 

Vol. III. The Commercial Dyestuffs Large Svo, 

* Nelson's Analysis of Drugs and Medicines 12mo, 

Ostwald's (x>nversations on Chemistry. Part One. (Ramsey.) 12mo, 

Part Two. (Tumbull.) 12mo. 

* Introduction to Chemistry. (Hall and Williams.) Large 12mo, 

Owen and Standage's Dyeing and Cleaning of Textile Fabrics 12mo, 

* Palmer's Practical Test Book of Chemistry 12mo. 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer.) . . 12mo, 
Penfield's Tables of Minerals, Including the Use of Minerals and Statistics 

of Domestic Production Svo, 

Pictet's Alkaloids and their Chemical Constitution. (Biddle.) Svo, 

Poole's CsHorific Power of Fuels • Svo, 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 

* Reisig's Guide to Piece-Dyeing Svo, 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point Svo. 

Ricketts and Miller's Notes on Assaying Svo, 

Rideal's Disinfection and the Preservation of Food Svo, 

Riggs's Elementary Manual for the Chemical Laboratory Svo, 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) Svo, 

Ruddiman's Incompatibilities in Prescriptions Svo, 

Whys in Pharmacy 12mo» 

* Ruer's Elements of Metallography. (Mathewson.) Svo, 

Sabin's Industrial and Artistic Technology of Paint and Varnish Svo, 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) Svo, 

* Schiropf 's Essentials of Volumetric Analysis Large 12mo, 

Manual of Volumetric Analysis. (Fifth Edition, Rewritten) Svo, 

^ Qualitative Chemical Analysis Svo, 

^ Seamon's Manual for Assayers and Chemists. Large 12mo 

Smith's Lecture Notes on Chemistry for Dental Students Svo, 

Spencer's Handbook for Cane Sugar Manufacturers 16mo, mor. 

Handbook for Chemists of Beet-sugar Houses lOmo, mor. 

Stockbridge's Rocks and Soils Svo, 

Stone's Practical Testing of Gas and Gas Meters .Svo, 

* Tillman's Descriptive General Chemistry Svo, 
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* Tillman's Elementary Lessons in Heat 8vo, 

TreadweU's Quilt tattve Analysis. (Hall.) 8vo. 

Quantitative Analysis. (Hall.) 8vo, 

Tumeaure and Russell's Public Water-supplies Svo, 

Van Devcnter's Physical Chemistry for Beginners. (Boltwood.) 12mo, 

Venable's Methods and Devices for Bacterial Treatment of Sewage. Svo, 

Ward and Whipple's Freshwater Biology. (In Press.) 

Ware's Beet-sugar Manufacture and Reftning. Vol. 1 8vo, 

Vol.11 8vo, 

Washington's Manual of the Chemical Analysis of Rocks Svo, 

* Weaver's Military Explosives 8vo, 

Wells's Laboratory Guide in Qualitative Chemical Analysis Svo, 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 
Students 12mo, 

Text-book of Chemical Arithmetic 12mo, 

Whipple's Microscopy of Drinking-water Svo, 

Wilson's Chlorination Process 12mo, 

Cyanide Processes 12mo, 

Winton's Microscopy of Vegetable Foods Svo, 

Zsigmondy's Colloids and the Ultramicroscope. (Alexander.).. Large 12mo, 

CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OP ENGINEER- 
ING. RAILWAY ENGINEERING. 

* American Civil Engineers' Pocket Book. (Mansfield Merriman, Editor- 

in-chief.) 16mo, mor. 

Baker's Engineers' Surveying Instruments 12mo, 

Bixby's Graphical Computing Table Paper 19i X 241 inches. 

Breed and Hosmer's Principles and Practice of Surveying. Vol. I. Elemen- 
tary Surveying Svo, 

Vol. II. Higher Surveying Svo, 

* Burr's Ancient and Modern Engineering and the Isthmian Canal Svo, 

C^mstock's Field Astronomy for Engineers Svo, 

* Corthell's Allowable Pressure on Deep Foundations 12mo. 

Crandall's Text-book on Geodesy and Least Squares Svo, 

Davis's Elevation and Stadia Tables Svo. 

Elliott's Engineering for Land Drainage 12mo, 

* Fiebegcr's Treatise on Civil Engineering Svo, 

Plemer's Phototopographic Methods and Instruments Svo, 

Folwell's Sewerage. (Designing and Maintenance.) Svo, 

Freitag's Architectural Engineering Svo, 

French and Ives's Stereotomy Svo, 

Gilbert, Wightman, and Saunders's Subways and Tunnels of New York. 

(In Press.) 

* Hauch and Rice's Tables of Quantities for Preliminary Estimates. . . 12mo, 

Hayford's Taxl>book of Geodetic Astronomy Svo, 

Hering's Ready Reference Tables (Conversion Factors.) 16mo. mor. 

Hosmer's Azimuth 16mo, mor. 

* Text-book on Practical Astronomy Svo, 

Howe's Retaining Walls for Earth 12mo, 

* Ives's Adjustments of the Engineer's Transit and Level 16mo. bds. 

Ives and Hilts's Problems in Surveying, Railroad Surveying and Geod- 
esy 16mo, mor. 

* Johnson (J.B.) and Smith's Theory and Practice of Surveying. Large 12mo, 
Johnson's (L. J.) Statics by Algebraic and Graphic Methods Svo, 

* Kinnicutt, Winslow and Pratt's Sewage Disposal Svo, 

* Mahan's Descriptive Geometry. Svo, 

Merriman 's Elements of Precise Surveying and Geodesy Svo, 

Merriman and Brooks's Handbook for Surveyors lOmo. mor. 

Nugent's Plane Surveying Svo. 

Ogden's Sewer Ck>nstruction Svo. 

Sewer Design l2mo, 

Parsons's Disposal of Municipal Refuse Svo, 

Patton's Treatise on Civil Engineering Svo, half leather, 
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Reed's Topographical Drawing and Sketching 4to. 

Riemer's Shaft-sinking under Difficult Conditions. (Coming and PeeIe.)-8vo. 

Siebert and Biggin's Modem Stone-cutting and Masonry 8vo, 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 

Soper's Air and Ventilation of Subways 12mo, 

* "Tracy's Exercises in Surveying 12mo, mor. 

Tracy's Plane Surveying 16mo. mor. 

Venable's Garbage Crematories in America ■. 8vo, 

Methods and Devices for Bacterial Treatment of Sewage 8vo, 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep, 

Law of Contracts 8vo, 

\«aw of Operations Preliminary to Construction in Engineering and 

Architecture 8vo. 

Sheep, 
Warren's Stereotomy — Problems in Stone-cutting 8vo, 

♦ Waterbtiry's Vest- Pocket Hand-book of Mathematics for Engineers. 

2|X5i inches, mor. 

* Enlarged Edition, Including Tables mor. 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

16mo, mor. 
Wilson's Topographic Surveying 8vo. 
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BRIDGES AND ROOFS. 



Boiler's Practical Treatise on the Construction of Iron Highway Bridges.. 8vo 

• Thames River Bridge Oblong paper 

Burr and Palk's Design and Construction of Metallic Bridges 8vo 

Influence Lines for Bridge and Roof Computations 8vo 

Du Bois's Mechanics of Engineering. Vol. II Sma 4to 

Poster's Treatise on Wooden Trestle Bridges 4to 

Fowler's Ordinary Foundations 8vo 

Greene's Arches in Wood, Iron, and Stone 8vo 

Bridge Trusses 8vo 

Roof Trusses 8vo 

Grimm's Secondary Stresses in Bridge Trusses 8vo 

Heller's Stresses in Structures and the Accompanying Deformations.. . .8vo 

Howe's Design of Simple Roof-trusses in Wood and Steel 8vo 

Symmetrical Masonry Arches 8vo 

Treatise on Arches 8vo 

* Hudson's Deflections and Statically Indeterminate Stresses Small 4to 

• Plate Girder Design 8vo 

♦ Jacoby's Structxiral Details, or Elements of Design in Heavy Framing, 8vo 
Johnson, Bryan and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to 

• Johnson. Bryan and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures. New Edition. Part 1 8vo 

* Part IL New Edition 8vo 

Merriman and Jacoby's Text-book on Roofs and Bridges : 

Part I. Stresses in Simple Trusses 8vo 

Part II. Graphic Statics 8vo 

Part III. Bridge Design / 8vo 

Part IV. Higher Structures 8vo 

Sondericker's Graphic Statics, with Applications to Trusses, Beams, and 
Arches 8vo 

Waddell's De Pontibus, Pocket-book for Bridge Engineers 16mo, mor 

* Specifications for Steel Bridges 12mo 

Waddell and Harrington's Bridge Engineering. (In Preparation.) 



2 00 


5 00 


5 00 


3 00 


10 00 


5 00 


3 50 


2 50 


2 50 


1 25 


2 50 


3 00 


2 00 


2 50 


4 00 


3 50 


1 50 


2 25 



10 00 



8 00 
4 00 



2 

2 
2 
2 

2 
2 



50 
50 
50 
50 

00 
00 
50 



HYDRAULICS. 



Barnes's Ice Formation 8vo, 3 00 

Basin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, 2 00 

Bovey's Treatise on Hydraulics 8vo, 6 00 
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Church's Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4to, paper. 

Hydraulic Motors 8vo, 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering). .8vo, 

Coffin's Graphical Solution of Hydraulic Problems 16mo. mor. 

Plather's Dynamometers, and the Measurement of Power 12mo, 

Folwell's Water-supply Engineering 8vo, 

Frizell's Water-power 8vo, 

Puertes's Water and Public Health 12mo. 

Water-filtration Works 12mo. 

Ganguillet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo. 

Hazen's Clean Water and How to Get It Large 12mo, 

Filtration of Public Water-supplies 8vo, 

Hazelhurst's Towers and Tanks for Water-works 8vo, 

Herschel's 1 15 Experiments on the Carrying Capacity of Large. Riveted. Metal 

Conduits 8vo, 

Hoyt and Grover's River Discharge 8vo, 

Hubbard and Kiersted's Water- works Management and Maintenance. 

8vo, 4 00 

* Lyndon's Development and Electrical Distribution of Water Power. 

8vo. 3 00 
Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point.) 8vo, 

Merriman's Treatise on Hydraulics 8vo, 

* Molitor's Hydraulics of Rivers, Weirs and Sluices 8vo, 

* Morrison and Brodie's High Masonry Dam Design 8vo, 

* Richards's Laboratory Notes on Industrial Water Analysis 8vo. 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply. Second Edition, Revised and Enlarged Large 8vo, 

* Thomas and Watt's Improvement of Rivers 4to, 

Tumcaure and Russell's Public Water-supplies 8vo, 

* Wegmann's Design and Construction of Dams. 6th Ed., enlarged. ...4to. 

Water- Supply of the City of New York from 1658 to 1895 4 to, 

Whipple's Value of Pure Water Large 12mo. 

Williams and Hazen's Hydraulic Tables 8vo. 

Wilson's Irrigation Engineering 8vo. 

Wood's Turbines 8vo, 



MATERIALS OF ENGINEERING. 

Baker's Roads and Pavements 8vo. 5 00 

Treatise on Masonry (^instruction *. . . .8vo, 6 00 

Black's United States Public Works Obk>ng 4to, 5 00 

Blanchard and Drowne's Highway Engineering. (In Press.) 

Bleininger's Manufacture of Hydraulic Cement. (In Preparation.) 

Bottler's Varnish Making. (Sabin.) (In Press.) 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo. 7 50 

Byrne's Highway ^instruction 8vo, 5 00 

Inspection of the Materials and Workmanship Employed in Construction. 

I6mo, 3 00 

Church's Mechanics of Engineering 8vo, 6 00 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineer- 
ing 8vo, 4 50 

Du Bois's Mechanics of Engineering. ' 

Vol. L Kinematics, Statics, Kinetics Small 4to, 7 50 

Vol. II. The Stresses in Framed Structures, Strength^f Materials and 

Theory of Flexures Small 4to, 10 00 

Eckel's Building Stones and Clays. (In Press.) 

* Cements, Limes, and Plasters 8vo. 6 00 

Fowler's Ordinary Foundations 8vo, 3 60 

♦ Greene's Structural Mechanics 8vo, 2 50 

HoUey's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo. 3 00 

* Hubbard's Dust Preventives and Road Binders 8vo. 3 00 
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Johnson's (C. M.) Rapid Methods for the Chemical Analsrsisof Special Steels. 

Steel-making Alloys and Graphite Large 12mo, 

Johnson's (J. B.) Materials of Construction Large 8vo, 

Keep's Cast Iron 8vo, 

Lanxa's Applied Mechahics 8vo, 

Lowe's Paints for Steel Structures. 12mo, 

Maire's Modem Pigments and their Vehicles 12mo, 

Maurer's Technical Mechanics 8vo, 

Merrill's Stones for Building and Decoration 8vo, 

Merriman's Mechanics of Materials 8vo, 

* Strength of Materials. 12mo, 

Metcalf 's Steel. A Manual for Steel-users 12mo, 

Morrison's Hi^way Engineering .,.. 8vo, 

* Murdock's Strength of Materials 12mo, 

Patton's Practical Treatise on Foundations 8vo, 

Rice's Concrete Block Manufacture 8vo, 

Richardson's Modern Asphalt Pavement 8vo, 

Richey's Building Foreman's Pocket Book and Ready Reference. lOmo, mor. 

* Cement Workers' and Plasterers' Edition (Building Mechanics' Ready 

Reference Series) Idmo, mor. 

Handbook for Superintendents of Construction 16mo, mor. 

* Stone and Brick Masons' Edition (Building Mechanics' Ready 

Reference Series) 16mo, mor. 

* Ries's Clays: Their Occurrence, Properties, and Uses 8vo, 

* Ries and Leighton's History of the Clay- working Industry of the United 

States '. . . 8vo. 

Sabin's Industrial and Artistic Technology bf Paint and Varnish 8vo, 

* Smith's Strength of Material 12rao, 

Snow's Principal Species of Wood 8vo, . 

Spalding's Hydraulic Cement 12mo, 

Text-book on Roads and Pavements l2mo, 

* Taylor and Thompson's Extracts on Reinforced (x)ncrete Design 8vo, 

Treatise on Concrete, Plain and Reinforced 8vo, 

Thurston's Materials of Engineering. In Three Parts 8vo, 

Part I. Non-metallic Materials of Engineering and Metallurgy. . . .8vo, 

Part II. Iron and Steel 8vo, 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 

Tillson's Street Pavements and Paving Materials 8vo, 

Tumeaure and Maurer's Principles of Reinforced Concrete (Construction. 

Second Edition, Revised and Enlarged 8vo, 

Waterbury's Cement Laboratory Manual 12mo, 

Laboratory Manual for Testing Materials of Construction. (In Press.)' 
Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber 8vo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8vo, 4 00 

RAILWAY ENGINEERING. 

Andrews's Handbook for Street Railway Engineers 3X6 inches, mor. 1 25 

Berg's Buildings and Structures of American Railroads • .4to, 5 00 

Brooks's Handbook of Street Railroad Location 16mo, mor. 1 60 

* Burt's Railway Station Service 12mo, 2 00 

Butts's Civil Engineer's Field-book 16mo. mor. 2 60 

Crandall's Railway and Other Earthwork Tables 8vo, 1 60 

Crandall and Barnes's Railroad Surveying lOmo, mor. 2 00 

* Crockett's Methods for Earthwork Ck>mputations 8vo, 1 60 

Dredge's History of the Pennsylvania Railroad. (1879) Paper. 6 00 

Fisher's Table of Cubic Yards Cardboard, 26 

Godwin's Railroad Engineers' Field-book and Explorera' Guide. . Idmo. mor. 2 60 
Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8vo, 1 00 

Ives and Hilts's Problems in Surveying, Railroad Surveying and Geodesy 

16mo, mor. 1 60 
Molitor and Beard's Manual for Resident Engineers Idmo, 1 00 
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Naffle's Field Manual for Railroad Engineers 16mo, mor. 

* Orrock's Railroad Structures and Estimates. 8vo, 

Philbrick's Field Manual for Engineers. 16iiko, mor. 

Raymond's Railroad Field Geometry 16ax>, mor. 

Elements of Railroad Engineering 8vo, 

Railroad Engineer's Field Book. (In Preparation.) 

Roberts' Track Formuke and Tables 16mo. mor. 

Searles's Field Engineering 16mo. mor. 

Railroad Spiral lOmo, mor. 

Taylor's Prismoidal Formulae and Earthwork 8vo, 

Webb's Economics of Railroad Construction Large 12mo. 

Railroad Construction 16mo, mor. 

Wellington's Economic Theory of the Location of Railways Large 12mo. 

Wilson's Elements of Railroad-Track and Construction 12mo. 

DRAWING 

Barr and Wood's Kinematics of Machinery 8vo, 

* Bartlett's Mechanical Drawing 8vo, 

* " " •• Abridged Ed 8vo. 

* Bartlett and Johnson's Engineering Descriptive Geometry 8vo, 

Blessing and Darling's Descriptive Geometry. (In Press.) 

Elements of Drawing. (In Press.) 

Coolidge's Manual of Drawing 8vo, paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to. 2 50 

Durley's Kinematics of Machines 8vo, 4 00 

Emch's Introduction to Projective Geometry and its Application 8vo, 2 50 

Hill's Text-book on Shades and Shadows, and Perspective 8vo. 2 00 

Jamison's Advanced Mechanical Drawing 8vo, 2 00 

Elements of Mechanical Drawing .8vo, 2 50 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo, 1 50 

Part II. Form, Strength, and Proportions of Parts 8vo, 3 00 

* Kimball and Barr's Machine Design 8vo. 3 00 

MacCord's Elements of Descriptive Geometry 8vo, 3 00 

Kinematics: or. Practical Mechanism 8vo, 5 00 

Mechanical Drawing. 4to, 4 00 

Velocity Diagrams 8vo, 1 50 

McLeod's Descriptive Geometry Large I2mo. 1 50 

<= Mahan's Descriptive Geometry and Stone-cutting 8vo, 1 50 

Industrial Drawing. (Thompson.) 8vo, 3 50 

Moyer's Descriptive Geometry 8vo. 2 00 

Reed's Topographical Drawing and Sketching 4to, 5 00 

* Reid's Mechanical Drawing. (Elementary .and Advanced.) 8vo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design..8vo, 3 00 

Robinson's Principles of Mechanism ,«• 8vo, 3 00 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Smith (A. W.) and Marx's Machine Design 8vo. 3 00 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) 8vo. 2 50 

* Titsworth's Elements of Mechanical Drawing Oblong 8vOi 1 25 

Tracy and North's Descriptive Geometry. (In Press.) 

Warren's Elements of Descriptive Geometry, Shadows, and Persi>ective. . 8vo, 3 50 

Elements of Machine Construction and Drawing 8vo, 7 50 

Elements of Plane and Solid Free-hand Geometrical Drawing. . . . 12mo, 1 00 

General Problems of Shades and Shadows 8vo, 3 00 

Manual of Elementary Problems in the Linear Perspective of Forms and 

Shadow 12mo, 1 00 

Manual of Elementary Projection Drawing 12mo, 1 50 

Plane Problems in Elementary Geometry 12mo. 1 25 

Weisbach's Kinematics and Power of 'Transmission. (Hermann and 

Klein.) 8vo, 5 00 

Wilson's (H. M.) Topographic Surveying 8vo. 3 50 

♦Wilson's (V. T.) Descriptive Geometry 8vo. 1 50 

Free-haod Lettering 8vo, 1 OO 

Free-hand Perspective 8vo. 2 50 

Woolf's Elementary Course in Descriptive Geometry Large 8vo, 3 (M> 
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ELECTRICITY AND PHYSICS. 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.> 12mo, 

Andrews's Hand-book for Street Railway Engineers 3X5 inches mor. 

Anthony and Ball's Lectixre-notes on the Theory of Electrical Measure- 
ments 12mo, 

Anthony and Brackett's Text-book of Physics. (Magie.). .. .Large 12mo, 

Benjamin's History of Electricity 8vo. 

Betta's Lead Refining and Electrolysis 8vo, 

Burgess and Le Chatelier's Measurement of High Temperatures. Third 

Edition. (In Press.) 
Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 

* Collins's Manual of Wireless Telegraphy and Telephony 12mo, 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 

* Danneel's Electrochemistry. (Merriam.) 12mo, 

Dawson's "Engineering" and Electric Traction Pocket-book. . . . 16mo, mor. 
Dolezalek's Theory of the Lead Accumulator (Storage Battery), (von Ende.) 

12mo, 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 

Plather's Dynamometers, and the Measurement of Power 12mo, 

* Getman's Introduction to Physical Science 12mo, 

Gilbert's De Magnete. (Mottelay ) 8vo, 

* Hanchett's Alternating Currents 12mo. 

Hering's Ready Reference Tables (Conversion Factors) 16mo, mor. 

* Hobart and Ellis's High-speed Dynamo Electric Machinery 8vo, 

Holman's Precision of Measurements 8vo, 

Telescope-Mirror-scale Method, Adjustments, and Tests Large 8vo, 

* Hutchinson's High-Efficiency Electrical lUuminants and Illumination. 

Large 12mo, 2 50 
Jones's Electric Ignition. (In Press.) 
Karapetoff's Experimental Electrical Engineering: 

♦ Vol. 1 8vo. 3 50 

♦ Vol. II 8vo. 2 60 

Kinzbrunner's Testing of Continuous-current Machines 8vo, 2 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

Ldb's Electrochemistry of Organic C^mp>oimds. (Lorenz.) 8vo, 3 00 

* Lyndon's Development and Electrical Distribution of Water Power. .8vo, 3 00 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and II. 8vo, each, 6 00 

* Michie's Elements of Wave Motion Relating to Sound and Light 8vo, 4 00 

* Morgan's Physical Chemistry for Electrical Engineers 12mo. 1 50 

* Norris's Introduction to the Study of Electrical Engineering 8vo, 2 50 

Norris and Dennison's Course of Problems on the Electrical Characteristics of 

Circuits and Machines. (In Press.) 

* Parshall and Hobart's Electric Machine Design 4to. half mor, 12 50 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo. 3 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.). .8vo, 2 00 

Ryan. Norris, and Hoxie's Electrical Machinery. Vol. 1 8vo, 2 50 

Schapper's Laboratory Guide for Students in Physical Chemistry 12mo, I 00 

* Tillman's Elementary Lessons in Heat 8vo. I 50 

* Timbie's Elements of Electricity Large 12mo. 2 00 

Tory and Pitcher's Manual of Laboratory Physics Large 12mo, 2 00 

Ulke's Modem Electrolytic Ckvpper Refining 8vo. 3 00 

* Waters's Commercial Dynamo Desig^n 8vo, 2 00 

LAW. 

* Brennan's Hand-book of Useful Legal Information for Business Men. 

16mo, mor. 5 00 

* Davis's Elements of Law 8vo, 2 50 

♦ Treatise on the Military Law of United States 8vo, 7 00 

* Dudley's Military Law and the Procedure of Courts-martial. . Large 12mo. 2 50 

Manual for Courts-martial 16mo, mor. I 50 

Wait's Engineering aad Architectural Jurisprudence 8vo, 6 00 

^eep. 6 50 
Wait's Law of (>>ntracU 8vo, 3 00 
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Wait's Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, %5 00 

Sheep, 5 50 

MATHEICATICS. 

Baker's Elliptic Functions 8vo, 1 50 

Briggs's Elements of Plane Analytic Geometry. (B6cher.) 12mo, 1 00 

* Buchanan's Plane and Spherical Trigonometry 8vo, 1 00 

Bycrly's Harmonic Functions 8vo, 1 00 

Chandler's Elements of the Infinitesimal Calculus 12mo, 2 00 

* Coffin's Vector Analysis 12mo, 2 50 

Compton's Manual of Logarithmic Computations 12mo, 1 50 

* Dickson's College Algebra. Large 12mo, 1 50 

* Introduction to the Theory of Algebraic Equations. Large 12mo, 1 25 

Emch's Introduction to Projective Geometry and its Application 8vo, 2 50 

Fiske's Functions of a Complex Variable 8vo, 1 00 

Halsted's Elementary Synthetic Geometry 8vo, 1 50 

Elements of Geometry 8vo. 1 75 

* Rational Geometry 12mo. 1 50 

Synthetic Projective Geometry 8vo, 1 00 

* Hancock's Lectures on the Theory of Elliptic Functions 8vo, 5 OO 

Hyde's Grassmann's Space Analysis 8vo, I 00 

* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size, paper, 15 

* 100 copies. 5 00 

* Mounted on heavy cardboard, 8 X 10 inches. 25 

* 10 copies, 2 00 
Johnson's (W. W.) Abridged Editions of Differential and Integral Calculus. 

Large 12mo, 1 vol. 2 50 

Curve Tracing in Cartesian Co-ordinates 12mo. 1 00 

Differential Equations .' 8vo, 1 00 

Elementary Treatise on Differential Calculus Large 12mo, 1 60 

Elementary Treatise on the Integral Calculus Large 12mo. 1 50 

* Theoretical Mechanics 12mo. 3 00 

Theory of Errors and the Method of Least Squares 12mo, 1 50 

Treatise on Differential Calculus Large 12mo. 3 00 

Treatise on the Integral Calculus Large 12mo. 3 00 

Treatise on Ordinary and Partial Differential Equations. . .Large 12mo, 3 50 

* Karapetoff's Engineering Applications of Higher Mathematics. Large 12mo. 75 
Koch's Practical Mathematics. (In Press.) 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . 12mo, 2 00 

* Le Messurier's Key to Professor W. W. Johnson's Differential Equations. 

Small 8vo. 1 75 

^ Ludlow's Logarithmic and Trigonometric Tables 8vo, 1 00 

* Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 

Tables 8vo. 3 00 

* Trigonometry and Tables published separately Each, 2 00 

Macfarlane's Vector Analysis and Quaternions ^ 8vo. 1 00 

McMahon's Hyperbolic Functions 8vo, 1 00 

Manning's Irrational Numbers and their Representation by Sequences and 

Series 12md. 1 25 

Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each 1 OO 

No. 1. History of Modem Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quatemionst 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 
by Thomas S. Piske. 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Method of Least Squares 8vo, 2 00 

Solution of Equations 8vo, 1 00 
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* Moritz's Elements of Plane Trigonometo' 8vo, $2 00 

Rice and Johnson's Differential and Integral Calculus. 2 vols, in one. 

Large 12mo. 1 50 

Elementary Treatise on the Differential Calculus Large 12mo, 3 00 

Smith's History of Modem Mathematics 8vo. 1 00 

* Veblen and Lennes's Introduction to the Real Infinitesimal Analysis of One 

Variable 8vo. 2 00 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2iX6| inches, mor. 1 00 

* Enlarged Edition, Including Tables mor. 1 60 

Weld's Determinants 8vo, 1 00 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Woodward's Probability and Theory of Errors 8vo, 1 00 

MECHANICAL ENGINEERING. 

MATERIALS OP ENGINEERING. STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice 12mo, 1 60 

Baldwin's Steam Heating for Buildings 12mo, 2 60 

Barr and^'Wood's Kinematics of Machinery 8vo, 2 60 

* Bartlett's Mechanical Drawing 8to, 3 00 ' 

* •* " •• Abridged Ed 8vo, 1 60 

* Bartlett and Johnson's Engineering Descriptive Geometry 8vo, 1 60 

* Burr's Ancient and Modem Engineering and the Isthmian Canal 8vo, 3 60 

Carpenter's Heating and Ventilating Buildings 8vo, 4 00 

* Carpenter and Diederichs's Experimental Engineering 8vo, 6 00 

* Clerk's The Gas, Petrol and Oil Engine 8vo. 4 00 

Compton's First Lessons in Metal Working I2mo, 1 50 

Compton and De Groodt's Speed Lathe I2mo, 1 60 

Cooltdge's Manual of Drawing 8vo, paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Obldng 4to, 2 60 

Cromwell's Treatise on Belts and Pulleys 12mo, 1 60 

Treatise on Toothed Gearing 12mo, 1 50 

Dingey's Machinery Pattern Making 12mo, 2 00 

Durley's Kinematics of Machines 8vo, 4 00 

Planders's Gear-cutting Machinery , Large 12mo, 3 00 

Plather's Dynamometers and the Measurement of Power 12mo, 3 00 

Rope Driving 12mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 26 

Goss's Locomotive Sparks 8vo, 2 00 

* Greene's Pumping Machinery 8vo, 4 00 

Hering's Ready Reference Tables (Conversion Factors) 16mo. mor. 2 60 

* Hobart and Ellis's High Speed Dynamo Electric Machinery 8vo, 6 00 

Hutton's Gas Engine. 8vo. 6 00 

Jamison's Advanced Mechanical Drawing 8vo, 2 00 

Elements of Mechanical Drawing 8vo, 2 60 

Jones's Gas Engine 8vo, 4 00 

Machine Design: 

Part I. Kinematics of Machinery 8vo, 1 60 

Part IL Form, Strength, and Proportions of Parts 8vo, 3 00 

^ Kaup's Machine Shop Practice Large 12mo, 1 25 

* Kent's Mechanical Engineer's Pocket-Book lOmo, mor. 6 00 

Kerr's Power and Power Transmission 8vo, 2 00 

* Kimball and Barr's Machine Design 8vo, 3 00 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

mission « 8vo, 2 50 

* Lanza's Dynamics of Machinery 8vo, 2 50 

Leonard's Machine Shop Tools and Methods .8vo, 4 00 

* Levin's Gas Engine 8vo, 4 00 

* Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean)..8vo, 4 00 
MacCord's Kinematics; or, Practical Mechanism 8vo, 5 00 

Mechanical Drawing. 4to, 4 00 

Velocity Diagrams , 8vo, 1 60 
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MacParland's Standard Reduction Factors for Gases 8vo, SI 50 

Mahan's Industrial Drawing. (Thompson.) 8vo. 3 50 

Mehrtens's Gas Engine Theory and Design Large 12mo, 2 50 

Miller, Berry, and Riley's Problems.in Thermodynamics and Heat Engineer- 
in j 8vo, paper, O 75 

Obcrg's Handbook of Small Tools Large 12mo. 2 50 

* Parshall and Hobart's Electric Machine Design. Small 4to. half leather. 12 50 

* Peele's Compressed Air Plant. Second Edition, Revised and Enlarged . Svo, 3 50 
Perkins's General Thermodynamics. (In Press.) 

Poole's Calorific Power of Fuels 8vo, 3 00 

* Porter's Engineering Reminiscences, 1855 to 1882 8vo, 3 OO 

Randall's Treatise on Heat. (In Press.) 

* Reid's Mechanical Drawing. (Elementary and Advanced.) 8vo, 2 OD 

Text-book of Mechanical Drawing and Elementary Machine Design. Svo, 3 00 

Richards's Compressed Air 12mo. 1 50 

Robinson's Principles of Mechanism 8vo, 3 00 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Smith (A. W.) and Marx's Machine Design 8vo. 3 00 

Smith's (O.) Press-working of Metals 8vo. 3 OO 

Sorel's Carbureting and Combustion in Alcohol Engines. (Woodward and 

Preston.) Large 12mo, 3 OO 

Stone's Practical Testing of Gas and Gas Meters 8vo, 3 50 

Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics. 

12mo, 1 OO 

Treatise on Friction and Lost Work in Machinery and Mill Work. . .8vo, 3 OO 

* Tillson's Complete Automobile Instructor. 16mo, 1 50 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, 1 25 

Warren's Elements of Machine (instruction and Drawing Svo, 7 50 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2i X 51 inches, mor. 1 OO 

* Enlarged Edition, Including Tables mor. 1 50 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 

Klein.) Svo, 5 OO 

Machinery of Transmission and Governors. (Hermann — Klein.). .Svo, 5 OO 

Wood's TurbinSs Svo, 2 50 









MATERIALS OF ENGINEERING. 



Burr's Elasticity and Resistance of the Materials of Engineering. Svo 

Church's Mechanics of Engineering Svo 

Mechanics of Solids (Being Parts I, IT, III of Mechanics of Engineering) 

Svo 

* Greene's Structural Mechanics Svo 

Holley's Analysis of Paint and Varnish Products. (In Press.) 

♦ Lead and Zinc Pigments Large 12mo 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special 

Steels. Steel-Making Alloys and Graphite Large i2mo 

Johnson's (J. B.) Materials of Construction Svo 

Keep's Cast Iron Svo 

* King's Elements of tho Mechanics of Materials and of Power of Trans- 

mission » , Svo 

Lanza's Applied Mechanics Svo 

Lowe's Paints for Steel Structures 12mo 

Mairc's Modem Pigments and their Vehicles , 12mo 

Maurer's Technical Mechanics. Svo 

Merriman's Mechanics of Materials. 8vo 

♦ Strength of Materials. 12mo 

Metcalf 's Steel. A Manual for Steel-users 12mo 

* Murdock's Strength of Materials 12mo 

Sabin's Industrial and Artistic Technology of Paint and Varnish Svo 

Smith's (A. W.) Materials of Machines 12mo 

* Smiths (H. E.) Strength of Material l2mo, 

Thurston's Materials of Engineering 3 vols., Svo 

Part I. Non-metallic Materials of Engineering, Svo 

Part II. Iron and Steel Svo 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 
Constituents. , Svo, 
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Waterbury's Laboratory Manual for Testing Materials of Construction. 

(In Press.) 

Wood's (De V.) Elements of Analytical Mechanics 8vo, S3 00 

Treatise on the Resistance of Materials and an Appendix on the 

Preservation of Timber 8vo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8vo, 4 00 



STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram. Third Edition Revised and En- 
larged 12mo 

Camot's Reflections on the Motive Power of Heat. (Thurston.) 12mo 

Chase's Art of Pattern Making 12mo 

Creighton's Steam-engine and other Heat Motors 8vo 

Dawson's "Engineering" and Electiic Traction Pocket-book. .. .16mo, mor. 

* Gebhardt's Steam Power Plant Engineering. 8vo 

Goss's Locomotive Performance 8vo 

Hemenway's Indicator Practice and Steam-engine Economy 12mo 

Hirshfeld and Barnard's Heat Power Engineering. (In Press.) 

Hutton's Heat and Heat-engines 8vo 

Mechanical Engineering of Power Plants 8vo 

Kent's Steam Boiler Economy 8vo 

Kneass's Practice and Theory of the Injector 8vo 

MacCord's Slide-valves 8vo 

Meyer's Modem Locomotive Construction 4to 

Miller, Berry, and Riley's Problems in Thermodynamics 8vo, paper 

Moyer's Steam Turbine 8vo 

Peabody's Manual of the Steam-engine Indicator. 12mo 

Tables of the Properties of Steam and Other Vapors and Temperature 

Entropy Table 8vo 

Thermodynamics of the Steam-engine and Other Heat-engines. . . .8vo 

* Thermodynamics of the Staam Turbine 8vo 

Valve-gears for Steam-engines 8vo 

Peabody and Miller's Steam-boilers 8 vo 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors 

(Osterbcrg.) 12mo 

Reagan's Locomotives: Simple, Compound, and Electric. NeW Edition. 

Large 12mo 

Sinclair's Locomotive Engine Running and Management 12mo 

Smart's Handbook of Engineering Laboratory Practice 12mo 

Snow's Steam-boiler Practice 8vo 

Spangler's Notes on Thermodynamics 12mo 

Valve-gears 8vo 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo 

Thomas's Steam-turbines 8vo 

Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake 8vo 

Handy Tables 8vo 

Manual of Steam-boilers, their Designs, (instruction, and Operation 8vo 

Manual of the Steam-engine 2 vols., 8vo 

Part I. History, Structure, and Theory 8vo 

Part II. Design, Construction, and Operation 8vo 

Wehrenfennig's Aiuilysis and Softening of Boiler Feed- water. (Patterson.) 

8vo 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo 

Whitham's Steam-engine Design 8vo 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo, 
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MECHANICS PURE AND APPLIED. 

Church's Mechanics of Engineering 8vo, 6 00 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering). . 8vo. 3 00 

♦ Mechanics of Internal Works 8vo, 1 50 

Mechanics of Solids (Being Parts I. II. Ill of Mechanics of Engineering). 

8vo, 4 58 
Notes and Examples in Mechanics 8vo. 2 00 
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Dana's Text-book of Elementary Mechanics for Colleges and Schools .12mo, 
Du Bois's Elementary Principles of Mechanics: 

Vol. I. Kinematics. 8vo, 

Vol. II. Statics 8vo, 

Mechanics of Engineering. Vol. I Small 4t«. 

Vol. II Small 4to, 

* Greene's Structural Mechanics 8vo, 

* Hartmann's Elementary Mechanics for Engineering Students 12mo, 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Large 12mo. 

* Johnson's (W. W.) Theoretical Mechanics 12mo, 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

mission 8VD. 

Lanza's Applied Mechanics 8vo, 

* Martin's "Text Book on Mechanics, Vol. I, Statics 12mo, 

♦ Vol. II. Kinematics and Kinetics 12mo, 

♦ Vol. III. Mechanics of Materials I2mo, 

Maurer's Technical Mechanics 8vo. 

* Merriman's Elements of Mechanics I2mo. 

Mechanics of Materials 8vo, 

* Michie's Elements of Analytical Mechanics 8vo, 

Robinson's Principles of Mechanism 8vo, 

Sanborn's Mechanics Problems Large 12mo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Wood's Elements of Analytical Mechanics 8vo, 

Principles of Elementary Mechanics 12mo, 
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MEDICAL. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, 

von Behring's Suppression of Tuberculosis. (Bolduan.) 12mo, 

* Bolduan's Immune Sera I2mo, 

Bordet's Studies in Immunity. ("Gay.) 8vo, 

* Chapin's The Sources and Modes of Infection Large 12mo, 

Davenport's Statistical Methods with Special Reference to Biological Varia- 
tions 16mo, mor. 

Ehrlich's Collected Studies on Immunity. (Bolduan.) 8vo 

* Fischer's Nephritis Large 12mo 

* Oedema 8vo 

* Physiology of Alimentation Large 12mo 

* de Fursac's Manual of Psychiatry. (Rosanoff and Collins.) . . . Large 12mo 

* Hammarsten's Text- book on Physiological Chemistry. (Mandel.).. . .8vo 
Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo 

Lassar-Cohn's Praxis of Urinary Analysis. (Lorenz.) 12mo 

Mandel's Hand-book for the Bio-Chemical Laboratory '. 12mo 

* Nelson's Analysis of Drugs and Medicines l2mo 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer. )..12mo 

* Pozzi-Escot's Toxins and Venoms and their Antibodies. (Cohn.). . 12mo 

Rostoski's Serum Diagnosis. (Bolduan.) I2mo 

Ruddiman's Incompatibilities in Prescriptions 8vo 

Whys in Pharmacy - 12mo 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) .. ..8vo 

* Satterlee's Outlines of Human Embryology 12mo 

Smith's Lecture Notes on Chemistry for Dental Students 8vo 

* Whipple's Tyhpoid Fever Large 12mo, 

* Woodhull's Military Hygiene for Officers of the Line Large 12mo 

* Personal Hygiene 12mo 

Worcester and Atkinson's Small Hospitals Establishment and Maintenance, 

and Suggestions for Hospital Architecture, with Plaas for a Small 
Hospital 12mo, 
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METALLURGY. 



Betts's Lead Refining by Electrolysis 8vo. 4 00 

Bolland's Encyclopedia of Foimding ahd Dictionary of Foundry Terms used 

in the Practice of Moulding 12mo. 3 00 
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Iron Founder 12mo, 

•• " Supplement 12mo. 

♦ Borchers's Metallurgy. (Hall and Hayward.) 8vo, 

Burgess and Le Chatelier's Measurement of High Temperatures. Third 

Edition. (In Press.) 

Douglas's Unttchnical Addresses on Technical Subjects 12mo, 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 

* Iles's Lead-smelting 12mo, 

Johnson's Rapid Methods for the Chemical Analysis of Special Steels, 

Steel- making Alloys and Graphite Large 12mo, 

Keep's Cast Iron 8vo, 

M^tcalf's Steel. A Manual for Steel-users 12mo. 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . 12mo, 
Palmer's Foundry Practice. (In Press.) 

* Price and Meade's Technical Analysis of Brass 12mo, 

• Ruer's Elements of Metallography. (Mathewson.) 8vo, 

Smith's Materials of Machines 12mo, 

Tate and Stone's Foundry Practice 12mo, 

Thurston's Materials of Engineering. In Three Parts 8vo, 

Part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 0. 

Part IL Iron and Steel 8vo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 50 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

West's American Foundry Practice 12mo, 2 50 

Moulders' Text Book 12mo, 2 60 



MINERALOGY. 

Baskerville's Chemical Elements. (In Preparation.) 

* Browning's Introduction to the Rarer Elements Svo, 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 

Butler's Pocket Hand-book of Minerals 16mo, mor. 

Chester's Catalogue of Minerals 8vo, paper. 

Cloth. 

* Crane's'Gold and Silver Svo, 

Dana's First Appendix to Dana's New "System of Mineralogy". .Large Svo, 
Dana's Second Appendix to Dana's New " System of Mineralogy." 

Large Svo, 

Manual of Mineralogy and Petrography 12mo, 

Minerals and How to Study Them 12mo, 

System of Mineralogy Large Svo. half leather. 

Text-book of Mineralogy Svo, 

Douglas's Untechnical Addresses on Technical Subjects I2mo. 

Eakle's Mineral Tables Svo, 

Eckel's Building Stones and Clays. (In Press.) 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 

* Groth's The Optical Properties of Crystals. (Jackson.) Svo, 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 

^ Hayes's Handbook for Field Geologists lOmo, mor. 

Iddings's Igneous Rocks Svo, 

Rock Minerals Svo, 

Johannsen's Determination of Rock- forming Minerals in Thin Sections. Svo, 

With Thumb Index 

* Martin's Laboratory Guide to Qualitative Analysis with the Blow- 

pipe 12mo, 

Merrill's Non-metallic Minerals: Their Occurrence and Uses Svo. 

Stones for Building and Decoration Svo, 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

Svo, paper. 

Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production Svo, 

* Pirsson's Rocks and Rock Minerals 12mo, 

* Richards's Synopsis of Mineral Characters 12mo, mor. 

** Ries's Clajrs: Their Occurrence. Properties and Uses Svo, 
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^ Rles and Leighton's History of the Clay-working inausxry of the United 
States 8vo, 

* Rowe's Practical Mineralogy Simplified 12mo. 

* Tillman's Text-book of Important Minerals and Rocks 8vo, 

Washington's Manual of the Chemical Analysis of Rocks 8vo, 

* 

MINING. 

* Beard's Mine Gases and Explosions Large 12mo, 

* Crane's Gold and Silver 8vo, 

* Index of Mining Engineering Literature 8vo, 

♦ 8vo, mor. 

* Ore Mining Methods 8vo, 

* Dana and Saunders's Rock Drilling 8vo, 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 

Eissler's Modem High Explosives '. 8vo. 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 

Ihlseng's Manual of Mining. 8vo, 

* Ilcs's Lead Smelting ,,, 12mo, 

* Peele's Compressed Air Plant 8vo, 

Rieraer's Shaft Sinking Under Difficult Conditions. (Coming and Peele.)8vo, 

* Weaver's Military Explosives 8vo, 

Wilson's Hydraulic and Placer Mining. 2d edition, rewritten 12mo, 

Treatise on Practical and Theoretical Mine Ventilation 12mo, 

SANITARY SCIENCE. 

Association of State and National Pood and Dairy Departments, iHartford 

Meeting. 1906 8vo. 3 00 

Jamestown Meeting, 1907 8vo. 3 00 

* Bashore's Outlines of Practical Sanitation 12mo. 1 25 

Sanitation of a Country House 12mo, 1 00 

Sanitation of Recreation Camps and Parks 12mo, 1 00 

* Chapin's,The Sources and Modes of Infection Large 12mo, 3 00 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo, 3 00 

Water-supply Engineering 8vo, 4 00 

Fowler's Sewage Works Analyses 12mo. 2 (X) 

Fuertes's Water-filtration Works 12mo, 2 50 

Water and Public Health 12mo. 1 50 

Gerhard's Guide to Sanitary Inspections 12mo. 1 50 

* Modem Baths and Bath Houses 8vo, 3 00 

Sanitation of Public Buildings 12mo, 1 50 

♦ The Water Supply, Sewerage, and Plumbing of Modem City Buildings. 

8vo. 4 00 

Hazen's Clean Water and How to Get It Large 12mo. 1 50 

Filtration of Public Water-supplies 8vo, 3 00 

* Kinnicutt, Winslow and Pratt's S^ewage Disposal 8vo, 3 00 

Leach's Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 7 50 

Mason's Examination of Water. (Chemical and Bacteriological) 12mo, 1 25 

Water-supply. (Considered principally from a Sanitary Standpoint). 

8vo. 4 00 

* Mast's Light and the Behavior of Organisms Large 12mo, 2 50 

* Merriman's Elements of Sanitary Engineering 8vo, 2 00 

Ogden's Sewer Construction 8vo. 3 00 

Sewer Design 12mo, 2 00 

Parsons's Disposal of Municipal Refuse ^^ 8vo. 2 00 

Prescott and Winslow "s Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 1 50 

* Price's Handbook on Sanitation 12mo, 1 50 

Richards's Conservation by Sanitation 8vo, 2 50 

Cost of Cleanness 12mo, 1 00 

Cost of Food. A Study in Dietaries 12mo. 1 00 

Cost of Living as ModiiSed by Sanitary Science 12mo, 1 00 

Cost of Shelter 12mo, 1 00 

* Richards and Williams's Dietary Computer 8vo. 1 50 
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Richards and Woodman's Air, Water.' and Food from a Sanitary Stand- 
point 8vo, $2 00 

♦ Richcy's Plumbers'. Steam-fitters', and Tinners' Edition (Building 

Mechanics' Ready Reference Series) 16mo, mor. 

Rideal's Disinfection and the Preservation of Food 8vo, 

Soper's Air and Ventilation of Subways 12mo, 

Tumeaure and Russell's Public Water-supplies 8vo, 

Venable's Garbage Crematories in America 8vo, 

Method and Devices for Bacterial Treatment of Sewage 8vo, 

Ward and Whipple's Freshwater Biology. (In Press.) 

Whipple's Microscopy of Drinking-water 8vo, 

♦ Typhoid Fever Large 12mo, 

Value of Pure Water Large 12mo. 

Winslow's Systematic Relationship of the Coccaceae Large 12mo, 

MISCELLAIIEOUS. 

♦ Burt's Railway Station Service 12mo, 

♦ Chapin's How to Enamel 12mo. 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo, 

Perrel's Popular Treatise on the Winds 8vo, 

Fitzgerald's Boston Machinist 18mo, 

♦ Fritz, Autobiography of John 8vo, 

Gannett's Statistical Abstract of the World 24mo. 

Haines's American Railway Management 12mo, 

Hanausek's The Microscopy of Technical Products. ( Winton) 8vo, 

Jacobs's Betterment Briefs. A Collection of Published Papers on Or- 
ganized Industrial Efficiency 8vo, 

Metcalfe's Cost of Manufactures, and the Administration of Workshops.. 8 vo, 

Putnam's Nautical Charts 8vo, 

Ricketts's History of Rensselaer Polytechnic Institute 1824-1894. 

Large 12mo, 

♦ Rotch and Palmer's Charts of the Atmosphere for Aeronauts and Aviators. 

Oblong 4to, 

Rotherham's Emphasised New Testament Large 8vo. 

Rust's Ex-Meridian Altitude. Azimuth and Star-finding Tables 8vo 

Standage's Decoration of Wood, Glass, Metal, etc 12mo 

Thome's Structural and Physiological Botany. (Bennett) 16mo, 

Westermaier's O^mpendium of General Botany. (Schneider) 8vo, 

Winslow's Elements of Applied Microscopy 12mo, 

HEBREW AND CHALDEE TEXT-BOOKS. 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to. half mor, 5 00 

Green's Elementary Hebrew Grammar I2mo, 1 25 
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